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ABSTRACT 


This  report  presents  the  results  of  an  investigation  of  the  impact  of  the 
Army's  op ‘rational  environment  on  UH-1  and  AH-1  series  main  rotor 
blades.  Thirty-nine  months  of  operational  data  for  missions  flown  in  the 
United  States  as  well  as  in  Southeast  Asia  under  actual  combat  conditions 
were  reviewed  and  reported.  Blade  failures  are  reported  in  terms  of 
cause,  frequency,  repairability ,  and  probability  of  blade  scrappage 
following  removal.  The  maintenance  man-hours  associated  with  each 
type  of  repair,  the  most  forward  area  at  which  repairs  may  be  accom¬ 
plished,  and  the  associated  downtimes  and  support  costs  are  reported. 
Repair,  overhaul,  and  new  blade  costs  are  converted  to  operational  costs 
in  dollars  per  flight  hour.  The  concepts  of  blades  with  a  high  degree  of 
field  repairability  and  "throwaway"  blades  are  discussed.  Target  new 
blade  costs  at  which  such  concepts  become  cost  effective  are  developed. 
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I.  SUMMARY 


Hie  main  rotor  bLude  analysis  was  conducted  and  this  report 
was  prepared  under  Contract  DAAJ02- 70-C-OOL6.  Analysis  of 
premature  removal ,  time  change,  repair  arid  scrap  data  was 
conducted  on  the  two  types  of  the  t)H- 1  AH-l  series  aircraft 
main  rotor  blades  shown  in  Table  I. 

TABLE  I.  MAIN  ROTOR  BLADES  ANALYZED 


Blade  Part  No. 

Models 

Used  On 

Cost  of* 
New  Blade 

Allowable 

Operating 

Time 

204-011-250-5 

540-011-001-5 

UH-1D/UH-IH 

UH-  1C/AH-1G 

$2918.19 

$3151.71 

2500  hours 

1100  hours 

j*  Contract  DAAJ01-68-A-0022 ,  Spare  Parts  Cost  List] 

The  results  of  the  analysis  to  determine  the  mean- time- to- 
removal  (MIR)  and  mean- time- between-removals  (MTBR)  are  shown 
in  Table  II.  Values  are  expressed  in  blade  hours. 


TABLE  II.  MIR  AND  MTBF  VALUES 

FOR  MAIN  ROTOR  BLADES 


Blade  Part  No. 

Reason 

For  Removal 

Combat  Area 

CONUS  Area 

MIR 

MTBR 

MIR 

MTBR 

204-011-250-5 

All 

Part  Causes 
External  Causes 

1409 

520 

369 

51063 

5560 

1326 

3993 

994 

766 

7  720 
1919 
2879 

540-011-001-5 

1  All 

Part  Causes 
External  Causes 

2316 

371 

272 

6  908 
3602 
1252 

^476 

455 

290 

81449 

2974 

4036 

1.  Based  on  4609  blade  removals.  TAERS  Data. 

2.  Based  on  1288  blade  removals.  TAERS  Data. 

3.  Based  on  333  blade  removals,  TAERS  Data. 

4.  Based  on  53  blade  removals,  1AERS  Data. 

5.  Based  on  136  removals  and  144,556  blade  hours, 
TAERS  Data. 

6.  Based  on  250  removals  and  226,920  blade  hours, 
TAERS  Data. 

7.  Based  on  16  removals  and  11,516  blade  hours, 
TAERS  Data. 

8.  Based  on  39  removals  and  56,508  blade  hours, 

M  &  R  Data.  _ _ 


1 


The  MTR/MTBR  values  are  for  blades  removed  during  the 
period  from  1966  through  1969.  Ihe  MTR’s  for  the  combat 
area  (Vietnam)  are  sensitive  to  combat  intensity  during 
shorter  periods. 

The  results  of  the  scrappage  data  analyses  are  shown  in 
Tables  III  and  IV. 


TABLE  III.  REASON  FOR  REMOVAL  VERSUS  REASON 
FOR  SCRAPPAGE*  AT  A  BLADE  REPAIR 
FACILITY 

(As  a  percentage  of  the  total 
number  of  blades  that  were 
scrapped) 


Blade 

Part  No 

.  20*4-011-250-5 

(UH-1D/H) 

Reason  For 

Removal 

Reason  For 

All 

Part 

External 

No  Failure 

Unknown 

Scrappage 

Caus  es 

Caus  es 

Causes 

Causes 

Causes 

i  All  Causes 

100.00% 

20.50% 

*41.19% 

1.76% 

36.55% 

Part  Causes 

73.38% 

17.61% 

26.83% 

wsm 

27.46% 

\  External  Causes 

2*4.16% 

2.68% 

13.73% 

Bifl 

7.47% 

Time  Change 

0.28% 

0.00% 

0.14% 

mmm 

0.14% 

1  Other 

2.18% 

0.21% 

0.49% 

WSESM 

1.48% 

Blade 

Part  No 

.  5*40-011-001-5  (UH-1C/AH-1G) 

Reason  For 

All 

Part 

External 

No  Failure 

Unknown 

Scrappage 

Caus  es 

Caus  es 

Causes 

Causes 

Causes 

All  Causes 

100.00% 

15.5*4% 

55.13% 

6.16% 

23.17% 

Part  Causes 

29.91% 

8.50% 

11.44% 

1.17% 

8.80% 

External  Causes 

56.89% 

*4.69% 

40.76% 

0 . 59% 

10.85% 

Tine  Change 

5.87% 

1.76% 

0.00% 

3.52% 

0.59% 

Other 

7.33% 

0.59% 

2.93% 

0.88% 

2.93% 

*  From  BHC  Blade  Repair  Facility  Data 
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TABLE  IV.  PROBABILITY  OP  SCRAPPAGE 
OP  MAIN  ROTOR  BLADES 
REMOVED  IN  VIETNAM 


Blade  Part  No. 

Reason 

Por  Removal 

Probability  of  Scrappage 
Range  (90%  Confidence) 

Of  Total 
Blades 
Removed 

At  the 
Removal 
Location 

Of  Blades 
Shipped 
For  Repair 

204-011-250- 5 

(UH-LD/H) 

Both  Causes 

Part  Causes 

External  Causes 

65.8-74.1 

51.1-66.9 

70.0-79.4 

27.7- 36.1 

14.7- 27.6 

31.8- 42.2 

62.1- 73.2 

54.1- 73.7 

62.5-75.9 

540-011-001-5 

(UH-1C/AH-IG) 

Both  Causes 

Part  Causes 

External  Causes 

71.5-79.2 

63.0-84.1 

71.3-79.6 

49.7-58.6 

40.1-64.2 

49.6-59.2 

64.1-78.7 

46.0-89.6 

63.6-79.3 

By  the  time  the  bLades  arrive  At  a  blade  repair  facility  moat 
of  the  blades  that  were  obviously  not  reparable  were  scrapped, 
the  blades  that  are  scrapped  at  the  repair  facility  are  blades 
with  defects  that  can  be  seen  only  when  the  blades  are  dis¬ 
assembled  or  at  least  given  an  inspection  more  detailed  than 
the  previous  one.  The  reasons  for  blade  scrappage  at  a  repair 
facility  may  therefore  differ  from  the  reasons  for  removal. 
Prior  to  the  bladeb  reaching  a  repair  facility  the  reason  for 
scrappage  of  a  blade  is  usually  consistent  with  its  reason 
for  removal.  Exceptions  to  this  are  the  blades  that  are 
damaged  during  or  after  removal. 

The  Probability  of  Scrappage  analysis  considered  331  UH-1D/H 
blade  removals  during  the  Julian  calendar  period  7200  through 
7299  and  336  UH-1C/AH-1G  blade  removals  during  the  period 
7200  through  8099.  The  UH-1C/AH-1G  blades  show  a  greater 
probability  of  scrappage  at  the  point  of  removal  than  do  the 
UH-1D/H  blades,  while  the  scrappage  probabilities  of  the  blades 
shipped  for  repair  are  comparable. 

The  results  of  the  analysis  of  main-rotor-blade  support-costs 
is  shown  in  Table  V  (based  on  a  5000-hour  aircraft  life  cycle). 
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TABLE  V.  MAIN  ROTOR  BLADE  SUPPORT  COSTS 
FOR  AIRCRAFT  STATIONED  IN 
VIETNAM 


Using 

New  Replacement 
Blades  Only 

Using  Both 
New  & 
Repaired 
Blades 

Blade  Part  No. 

★ 

Minimum 
Cos  t 
$/Fl t . 

Hr. 

★  * 

Maximum 
Cos  t 
$/Fl t. 

Hr. 

**★ 

Estimated 

Cost 

$/Flt .  1 

Hr. 

204-011-250-5 

(UH-1D/H) 

$10.73 

$12.14 

$10.02 

540-011-001-5 

(UH-1C/AH-1G) 

15.32 

18.00 

14.81 

*  Based  on  the  replacement  of  all  blades  not 
reparable  at  point  of  removal  with  new  blades 


**  Based  on  the  new  blade  replacement  and  no 
blade  repair 

***  Based  on  air  transport  of  damaged  blades  to 
CONUS  and  new  and  repaired  blades  to  Vietnam 


The  existing  program  of  blade  repair  even  with  the  large  per¬ 
centage  of  scrapped  blades  is  cost  effective,  about  two  to 
four  dollars  per  flight  hour  less  expensive  than  the  sup¬ 
port  cost  would  be  if  no  blades  were  repaired.  It  is  $0.51 
to  $0.71  less  expensive  than  the  support  cost  would  be  if 
the  blade  repairs  were  limited  to  those  that  could  be  accom¬ 
plished  at  the  point  of  removal.  If  the  percentage  of  re¬ 
pairs  at  the  point  of  removal  could  be  increased  sufficiently, 
it  would  become  cost  effective  to  eliminate  the  repair  pro¬ 
grams  at  CONUS  facilities. 
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II.  INTRODUCTION 


This  report  was  prepared  in  accordance  with  the  requirements 
of  Contract  DAAJ02- 70-C-0016 ,  UH-i  and  AH-l  Helicopter  Rotor 
Blade  Failure  and  Scrap  Rate  Data  Analysis. 

The  purpose  was  to  conduct  an  analysis  of  UH-i  and  AH-i 
series  helicopter  main  rotor  blade  failures  and  scrappage. 
The  analysis  treats  the  data  in  two  major  groups. 

The  UH-iD/H  main  rotor  blades 

The  UH-IC/AH-IG  main  rotor  blades 

In  the  case  of  the  UH-iD/H,  the  analysis  considers  only  the 
improved  version  of  the  blades  currently  used.  Ail  blades 
used  on  the  UH-IC/AH-IG  are  of  improved  design. 

The  analysis  also  develops  the  following: 

-  Mean- time-to-reraoval  (MTR)  and  mean- time-between 
removals  (MTBR)  under  combat  and  noncombat 
conditions 

Due  to  part  causes 
.  Due  to  external  causes 

-  Probability  of  scrappage  for  blades  removed  in 
combat  areas  for  part  and  external  causes 

-  A  correlation  of  the  reasons  for  removal  in  the 
field  and  the  reason  for  scrappage  at  a  blade  repair 
facility 

-  Aircraft  support  costs  in  dollars  per  flight  hour 
for  main  rotor  blades 

The  analyses  in  this  report  provide  a  basis  for  evaluation 
of  MIR,  MTBR,  repar ability ,  and  ra£b£  blade  support  cost 
characteristics  of  future  blade  designs. 
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III.  ANALYSIS  APPROACH 


A.  DATA  PILES 

Bell  Helicopter  Company  (BHC)  has  four  main  sources  of  main 
rotor  blade  failure,  removal,  repair,  and  scrap  data.  They 
are: 

1.  The  Army  Equipment  Record  System  ( TAERS )  DA2410, 

Component  Removal  and  Repair /bverhaul  Record  bata 

These  data  are  supplied  on  magnetic  tape  to  BHC  as  Govern¬ 
ment  Furnished  data  under  the  UH-l/AH-l  Maintainability 
and  Reliability  (M  &  R)  Program,  Contract  DAAJ0l-67-C-1588(G). 
Limited  computer  programs  were  developed  under  the  M  8t  R 
Program  to  sort,  select  and  list  the  TAERS  data. 

2.  The  Pield  Failure/Discrepancy  Report  (FDR)  Data 

These  data  were  reported  by  Reliability  Field  Engineers  who 
monitored  groups  of  UH-IC/D/H  and  AH-IG  helicopters  under 
provisions  of  the  UH-l/AH-l  M  &  R  Program.  Computer  pro¬ 
grams  developed  under  the  M  &  R  Program  group,  list, and 
sum  the  data  by  failure  mode. 

3.  The  Disassembly  Inspection  Summary,  OSM-634  Form  Data 

This  is  a  government  form  on  which  BHC  reports  the  overhaul, 
repair  and  scrappage  of  overhaul  and  limited  life  components 
from  military  aircraft.  Computer  programs  were  prepared 
under  the  M  &  R  Program  to  list  and  analyze  the  reason-for- 
removal  file  and  the  parts -replaced  and  assemblies -scrapped 
file.  A  small  computer  program  was  prepared  under  this 
contract  to  correlate  the  reasons -for- removal  and  the  reasons- 
f or- scrappage  by  serial  number  of  the  blades  scrapped  by  BHC. 

4.  Red  River  Army  Depot  (RRAD)  Main  Rotor  Blade  Inspection 
Records 


These  data  initially  contained  the  date  of  inspection,  the 
blade  part  number  and  serial  number,  whether  the  blade  was 
scrapped,  to  be  held  for  additional  records,  or  forwarded 
to  a  repair  facility,  and  if  scrapped,  the  reason  for  scrap- 
page.  Later  the  records  were  expanded  to  include  the  total 
time  on  each  blade.  Copies  of  these  records  were  obtained 
by  the  BHC  Quality  Department  as  informal  data  exchange. 

The  data  on  the  records  were  transcribed  into  the  OSM-634 
tape  files  for  listing  and  analysis  using  the  existing 
overhaul  data  computer  programs. 
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Plight  hour  data  were  obtained  from  two  sources: 

Monthly  flight  reports  of  the  M  &  R  Program  monitored 
aircraft 

-  Form  DA1352  listings  of  flying  hour  data  on  BHC 
helicopters  (Reference  l) 

B.  COMBAT  AND  NONCOMBAT  AIRCRAPT 

The  combat  aircraft  were  those  stationed  in  Southeast  Asia. 
All  others  were  considered  noncombat  aircraft.  The  two 
data  sources  from  which  Vietnam  aircraft  or  organizations 
could  be  identified  were  the  TAERS  2410  data  and  the  FDRs. 
They  could  not  be  determined  from  the  BHC  and  RRAD  data. 

1.  TAERS  Data 

BHC  has  45  magnetic  tapes  of  DA2410  data.  To  facilitate 
the  analysis,  two  tape  files  were  created,  one  of  UH-lD/H 
blades  (P/N  204-011-250-5)  and  one  of  UH-IC/AH-IG  blades 
(P/N  540-011-001-5).  Each  blade  record  contains  a  code 
which  identifies  the  organization  that  prepared  the  report. 
Insofar  as  possible,  the  codes  in  the  blade  file  were  iden¬ 
tified  using  the  Directory  and  Station  List  of  the  United 
States  Army  (Reference  2).  The  results  are  shown  in 
Table  VI. 


TABLE  VI.  ORGANIZATION  CODES  IDENTIFIED 
IN  TAERS  DATA 


Blade  File 

UH-1D/ 

UH-IH 

UH-1C/ 

AH-1G 

Number  of  Army  Codes 

In  the  Data  Pile 

237 

164 

Number  Identified  For  Vietnam 

164 

120 

Number  Identified  For  CONUS 

24 

14 

Number  Not  Identified 

49 

30 

The  existing  computer  program  used  to  select  the  data 
(for  example,  the  organizations  coded  in  the  removal 
records)  was  so  designed  that  the  number  of  different 
selection  choices  had  to  be  limited  to  keep  the  computer 
time  reasonable.  The  selection  procedure  limited  the 
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choices  to  fifty  organizations.  Since  less  than  fifty 
organizations  other  than  those  in  Southeast  Asia  reported 
bLade  removals,  the  selection  Limitation  did  not  affect 
the  noncombat  aircraft  blades.  However,  166  UH-1D/H 
and  122  UH-IC,  AH-IG  organizations  in  Southeast  Asia  re¬ 
ported  blade  removaLs,  so  fifty  organizations  in  Vietnam 
were  seLected  from  each  file.  The  organizations  selected 
reported  7484  (77.5%)  of  the  UH-LD/H  and  2209  (76.4%)  of 
the  UH-1C,  AH-IG  blades  removed  in  Southeast  Asia  which  is 
an  adequate  sample. 

ALL  but  fifty-six  UH-1D/H  and  twenty-one  UH-iC/AH-LG  non¬ 
combat  blade-removal  records  were  from  CONUS  organizations 
so  only  CONUS  organizations  were  used  for  the  noncombat 
aircraft  blade  analysis.  Two  of  the  CONUS  organizations' 
data  were  omitted  because  it  was  suspected  that  t’ieir  blade 
removals  were  primarily  from  Vietnam  aircraft  sent  back  for 
repair.  These  were  Red  River  Army  Depot  and  the  U.  S.  Army 
Aeronautical  Depot  Maintenance  Center  (ARADMAC).  Their 
deletion  reduced  the  number  of  CONUS  removals  by  2340  rec¬ 
ords  (76%)  for  the  UH-1D/H  and  625  records  (85%)  for  the 
UH-1C/AH-1G  blades.  From  the  above,  four  analysis  files 
were  established,  two  for  each  blade  type  for  each  of  the 
two  locations.  To  assure  that  only  the  improved  blade 
removals  were  analyzed,  all  UH-1D/H  blades  records  with 
serial  number,  less  than  A2-2400  were  eliminated. 

If  more  time  had  been  available,  it  may  have  been  possible 
to  salvage  some  of  the  ARADMAC  removal  records  for  the 
CONUS  analysis.  This  would  require  identifying  the  serial 
numbers  of  the  aircraft  from  which  the  blades  were  removed 
and  with  additional  research  determining  the  aircraft  that 
were  previously  at  a  CONUS  facility.  Even  so,  it  is  prob¬ 
able  that  most  of  the  reasons  for  removal  were  to  facili¬ 
tate  maintenance. 

2 .  FDR  Data 

The  FDR  data  used  in  the  MTBR  analyses  were  those  reports 
from  the  M  &  R  Program  field  monitoring  periods  of: 

-  April  1966  through  October  1967  for  the  UH-1C 

-  April  1966  through  November  1967  for  the  FY  1965 

and  1966  UH-1D/H 

July  1967  through  October  1969  for  the  AH-IG 

\ 

The  CONUS  and  Vietnam  data  were  analyzed  separately. 
However,  the  UH-1D/H  data  for  CONUS  were  inadequate 
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(0  removals)  for  the  very  small  monitoring  period  (5851 
flight  hours)  to  provide  any  meaningful  numbers. 

G.  REASONS  FOR  BLADE  REMOVAL  AND  SCRAPPAGE 

The  reasons  for  blade  removal  were  divided  into  four  major 
classes  (which  are  defined  in  Appendix  A): 

Part  Causes 

External  Causes 

-  No  Failure  Causes 

-  Unknown  Causes 

These  were  further  divided  into  subgroups  as  shown  on 
Table  VII.  The  individual  removal  reasons  coded  on  TAERS 
data  and  reported  in  the  OSM-634  files  were  assigned  to 
the  subgroup  to  which  they  seemed  most  appropriate.  Reasons 
that  did  not  seem  to  be  appropriate  blade  failure  modes  or 
removal  reasons  were  grouped  with  the  "Unknown  Causes." 

The  individual  removal  reasons  are  shown  in  Appendix  B. 

The  same  major  classes  and  subgroups  were  used  to  group 
failure  modes  found  in  the  FDR  data  for  the  MTBR  analyses. 

The  reasons  for  scrappage  were  also  grouped  into  four  major 
cl  asses: 

-  Par  t  Caus  es 

-  External  Causes 

-  No  Failure  Causes 

-  Other  Causes 

These  were  further  divided  into  subgroups  as  shown  on 
Table  VIII.  The  individual  reasons  for  scrappage  were 
placed  in  the  subgroups  that  seemed  most  appropriate. 

The  individual  reasons  for  scrappage  are  shown  in 
Appendix  B. 

While  the  BHC  blade  repair  and  scrap  records  contain  the 
reason-f or- removal  that  was  reported  on  the  DA2^10  form 
received  with  the  blade  as  well  as  the  reason  for  scrap- 
page,  the  RRAD  records  contained  only  the  reasons  for 
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TABLE  VII.  THE  SUBGROUPS  OP  THE  MAJOR 


REASONS  FOR  REMOVAL 

PART  CAUSES 

A. 

Excessive  Vibration 

B. 

Deterioration 

C. 

Bending  Failure 

D. 

Excessive  Wear 

E. 

Corrosion 

F. 

Other 

II. 

EXTERNAL  CAUSES 

A. 

Foreign  Object  Damage 

B. 

Overstressed 

C. 

Heat  Damage 

D. 

Maintenance  and  Shipping  Damage 

E. 

Other 

III. 

NO 

FAILURE  CAUSES 

A. 

Time  Change 

B. 

Other 

• 

> 

M 

UNKNOWN  CAUSES 

TABLE  VIII.  REASONS  FOR  SCRAPPAGE 
SUBGROUPS 


I. 

PART  CAUSES 

A. 

Imbalance 

B. 

Deterioration 

C. 

Bonding  Failure 

P. 

Corrosion 

E. 

Water  Contamination 

II. 

EXTERNAL  CAUSES 

A. 

Foreign  Object  Damage 

B. 

Overstressed 

Ill, 

NO 

FAILURE  CAUSES 

A. 

Time  Change 

IV. 

OTHER  CAUSES 

A. 

Unknown 
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scrappage.  In  Che  past,  as  the  RRAD  data  were  received, 
assumptions  were  made  as  to  the  reasons  for  removal  based 
on  the  reasons  for  scrappage, and  these  assumptions  were 
entered  into  the  data  form  when  the  RRAD  were  transcribed 
into  OSM-634  format.  Where  an  assumption  could  not  be  made 
the  reason  for  removal  was  coded  "Unknown."  The  RRAD  data 
Reason  fcr  Removal/MIR  analyses  contained  in  Appendix  P 
include  the  assumed  removal  reasons.  However,  when  analyses 
were  made  to  compare  reasons- for- renoval  with  reasons- for- 
scrappage,  only  the  BHC  data  were  us»d.  Prior  to  the  blades 
reaching  a  repair  facility  the  reason-for-scrappage  of  a 
blade  has  been  assumed  to  be  the  same  as  the  reason-for- 
removal.  (Exceptions  to  this  assumption  are  the  blades 
that  are  damaged  during  or  after  xemoval.)  This  assumption 
has  been  necessary  because  TAERS  DA2410  data  that  BHC  has 
received  contain  very  few  records  of  blade  scrappage,  even 
though  there  is  a  standard  procedure  for  reporting  scrapped 
serial-numbered  items. 

D.  MEAN- TIM  E-TO-REMOVAL  (MTR) 

MIR  for  the  main  rotor  blades  is  the  sum  of  the  times  at 
removal  for  all  blades  divided  by  the  number  of  blades 
removed. 


i=n 

?  4 

MTR  =  —  (1) 

n 

where 

t£  =  the  total  time  at  removal  of  the  ith  blade, 
in  hours 

n  =  the  number  of  blades  removed 

MIR  was  computed  from  TAERS,  OSM-634  and  RRAD  data  because 
these  sources  were  the  most  adequate  for  this  calculation. 
The  blade  removals  that  were  for  "no  failure  causes"  other 
than  "time  change"  were  omitted  from  the  TAERS  data  analy¬ 
sis.  Since  these  removals  were  made  to  facilitate  mainte¬ 
nance  or  to  provide  blades  for  another  aircraft  (cannibali- 
sation),  etc.,  they  are  outside  the  scope  of  the  analysis. 
However,  these  reasons  were  included  in  the  OSM-634  and 
RRAD  data  since  the  blades  received  for  repair  that  were 
removed  for  these  reasons  were  either  damaged  in  the  removal 
process  or  after  being  removed,  or  they  were  shipped  to  be 
repaired  for  another  reason  (perhaps  unintentionally). 
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The  unknown  (or  unstated)  removal  reasons  were  analyzed 
as  a  group.  This  was  done  to  see  whether  the  M'lR  for  this 
group  t.  as  similar  to  that  obtained  from  the  part  and  ex¬ 
ternal  cause  removaL  records.  A  similar  M'lR  would  indi¬ 
cate  the  probability  that  the  distribution  of  the  "Unknown" 
group  is  similar  to  the  combined  part  and  external  cause 
groups . 

E.  MEAN- TIME -BETVEEN-REMOVALS  (  MTBR) 


The  MTBR  for  main  rotor  blades  is  twice  the  sum  of  the 
flight  hours  of  the  group  of  aircraft  from  which  the  blades 
were  removed  divided  by  the  number  of  blades  removed  during 
those  flight  hours. 


j=m 

2  I  «, 

MTBR  = 

n 


(2) 


where 

tj  =  the  total  flight  hours  of  the  jth  aircraft 

m  =  the  number  of  aircraft  in  the  group 

n  =  the  number  of  blades  removed 

MTBR  was  computed  from  TAERS  and  FDR  data  because  flight 
time  for  the  aircraft  were  available  for  use  with  these 
sources. 


1.  MTBR  From  TAERS  Data 

To  compute  MTBR  from  TAERS  data  it  was  first  necessary  to 
select  a  group  of  aircraft  for  which  total  flight  times 
could  be  established.  Next  the  TAERS  data  were  searched 
to  identify  every  blade  removal  recorded  against  each  of 
the  aircraft.  Each  removal  reason  and  blade  time  was 
recorded. 

Ihe  aircraft  selected  were  the  same  MAR  Program  moni¬ 
tored  aircraft  that  were  used  to  compute  the  MTBR  from 
FDR  data,  this  was  done  because  these  aircraft  could  be 
readily  identified  as  to  CONUS  or  Vietnam  location.  The 
main  difference  is  the  TAERS  data  cover  the  entire  life 
of  the  aircraft  through  31  December  1969. 
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MTR  and  reason - for-removuL  vaLuea  tor  the  total  files 
(Vietnam  and  CONUS)  were  compared  with  the  values  calcu¬ 
lated  for  the  selected  aircraft  samples.  The  results 
(Appendix  D.  Table  D-X)  are  similar  for  the  UH-IC/AH-IG 
aircraft  in  Vietnam.  There  was  less  similarity  between 
the  values  for  UH-ID/H  in  Vietnam  and  very  Little  similar¬ 
ity  between  the  values  for  the  UH-LD/H  in  CONUS.  However, 
in  the  Latter  case  there  were  onLy  sixteen  blade  removals 
recorded  in  TAWS  for  the  ten  monitored  UH-LD/H' s  in  CONUS, 
an  inadequate  sample  for  comparison. 

No  comparison  could  be  made  for  the  UH-LC/AH-LG  CONUS 
because  there  were  no  CONUS  removaLs  recorded  where  other 
data  did  not  show  the  aircraft  also  stationed  in  Vietnam. 

2.  MTBR  From  FDR  Data 


The  FDR  data  were  reviewed  for  the  main  rotor  blade  fail¬ 
ures  reported  and  those  found  were  grouped  into  three  sets: 

Failures  that  resulted  in  blade  replacement 

-  Failures  that  resulted  in  blade  removal  for  repair 
or  replacement 

-  Failures  that  resulted  in  blade  repair  (either  with 
blade  removed  or  not  removed)  or  replacement 

The  first  set  is  a  subset  of  the  second  which  is  a  subset 
of  the  third  as  shown  in  Figure  1. 


Blades  that  sre  repaired  or  replaced 


Blades  that  are  removed  for  repair  or 
replacement 


Blades  that  are  replaced 


Pigure  1.  Set/Subset  Relationship  of  the 
M/R  Blade  Failures  Found  in 
the  FDR  Data. 

The  results  of  this  analysis  are  shown  in  Appendix  E. 
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The  MTBR  values  were  computed  for  main  rotor  blade  fail¬ 
ures  that  resulted  in  the  blade  being  removed  for  repair 
or  replacement.  The  time  base  for  the  analysis  was  che 
sum  of  the  flight  nours  for  the  aircraft  during  the  moni¬ 
toring  period.  The  results  are  shown  on  Tables  XII  and 
XIII  in  Section  IV  together  with  the  values  obtained  from 
TAERS  data. 

P.  PROBABILITY  OP  SCRAPPAG E/REPAIR  ANALYSES 

Since  the  scrap  probability  analyses  needed  input  from 
all  three  data  sources,  sample  groups  of  data  were  selected 
from  TAERS  that  had  dates  of  removals  for  blades  that 
would  be  expected  to  be  found  in  the  RRAD  and  BHC  records. 
The  data  groups  selected  were  those  with  Julian  dates 
starting  72,  73,  80  and  81.  Since  this  analysis  could  not 
be  mechanized  but  required  a  serial  number  by  serial  number 
search  through  listings  from  each  of  the  data  files,  only 
enough  data  groups  were  used  to  provide  an  adequate  data 
sample.  Por  the  UH-1D/H  blades,  the  single  group  of  re¬ 
movals,  Julian  dates  from  7200  through  7299,  provided  a 
sample  of  331  blades.  To  obtain  a  comparable  sample  (336) 
of  UH-1C/AH-1G  blades,  three  date  groups  were  required, 
from  7200  through  8099.  After  the  date  groups  were 
selected,  each  blade  serial  number  was  researched  through 
the  TAERS  data,  the  BHC  repair/scrap  records,  and  the  RRAD 
scrap,  forward,  or  hold  records  to  determine  whether  the 
blade  after  removal  for  a  part  or  external  cause  was  re¬ 
installed  on  another  aircraft,  forwarded  to  a  repair  cen¬ 
ter,  scrapped,  repaired,  held,  or  again  forwarded. 

The  results  of  this  research  were  summed  and  percentages 
established.  Based  on  the  number  removed  and  the  number 
scrapped  or  repaired,  a  90-percent  confidence  interval 
for  the  probability  of  scrappage  or  repair  was  computed. 

The  confidence  intervals  were  computed  using  the  table 
and  equations  of  Reference  3. 

6.  AIRCRAFT  MAIN  ROTOR  BLADE  SUPPORT  COST  ANALYSIS 

Having  already  determined  the  percentage  of  blades  that 
are  removed  for  each  cause  and  the  percentage  of  the 
blades  that  are  removed  for  part  and  external  causes 
(premature  removals)  that  are  repaired  by  the  using 
organization  and  by  a  blade  repair  facility,  the  blade 
support  cost  can  be  computed. 
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1.  General 


The  aircraft  main  rotor  blade  support  costs  are  a  function 
of  the  following  elements  that  are  used  in  this  analysis: 

-  The  aircraft  life  cycle 

-  The  rotor  blade  mean- time- to-removal 

-  The  cost  of  blade  removal  and  installation 

-  The  cost  of  the  blade  repair  system  divided  among 
the  blades  repaired 

-  The  cost  of  a  new  blade 

-  The  allowable  operating  (fatigue)  life  of  a  new 
blade 

-  The  remaining  life  of  a  repaired  blade 

-  The  shipping  costs  of  new  and  facility- repaired 
blades  to  the  user 

There  are  other  costs  involved  in  the  aircraft  blade  sup¬ 
port  cost  cycle  that  have  been  omitted  from  this  analysis 
because  they  are  not  readily  obtainable  and  because  they 
are  minor.  Some  of  these  coats  include: 

-  Coat  of  inspection  and  scrappage  by  the  using 
organisation 

-  Coat  of  shipment  from  one  CONUS  location  to 
another  to  finally  arrive  at  a  repair  facility 

-  Cost  of  shipping  containers  for  the  blades.  (These 
are  reuaeable) 

-  Coat  of  preparing  removed  blades  for  shipment 

-  Coat  of  inspection  of  blades  scrapped  at  an 
inspection  location  (such  as  RRAD)  in  th.'  return 
path  to  a  repair  facility 

-  Coat  of  repair  materials  at  the  user's  location 

The  costa  used  have  been  put  into  three  adjusted  blade 
cost  groups  and  the  cost  of  shipping  a  repaired  or  new 
blade  to  the  user.  The  three  adjusted  blade  cost  groups 

are: 
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The  cost  of  bLades  repaired  by  the  user.  This 
includes  the  cost  of  removal,  repair  and  reinstal¬ 
lation  of  the  blades  repaired  at  his  location. 

The  cost  of  blades  repaired  by  a  repair  facility. 
This  includes  cost  of  removal  and  installation  of 
the  repaired  blade,  the  transportation  cost  of  all 
the  blades  that  are  shipped  back  for  repair,  and 
the  repair  cost. 

-  The  cost  of  a  new  blade  is  increased  to  include 
the  cost  of  removal  and  installation. 

The  cost  of  the  new  blades  originally  installed  on  the 
aircraft  is  not  included  in  the  support  cost  analysis. 

2.  User  Repaired  Blade  Cost 

The  following  equation  is  used  to  compute  this  value. 


where 

C  =  The  dollar  cost  of  repair  of  a  removed 
r  blade  by  the  using  organization 

T  =  The  time  in  manhours  to  remove  a  blade 
rl  assembly 

T  =  The  time  in  manhours  to  repair  a  blade 
r2  at  the  removal  area 

=  The  time  in  manhours  to  install  the  blade 
assembly 

C  =  The  manhour  cc?*.  of  organizational  main¬ 
tenance  personnel 

3.  Facility  Repaired  Blade  Cost 

The  cost  of  a  facility  repaired  blade  is  computed  using 
the  following  equation: 
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V  , 


where 


tc-(\  •  t‘)  • 


C  (d)  ♦  C  ( l-d)  ♦  bC 

a  ss  r 


(*o 


C  =  The  cos t  of  a  repair  of  blades  shipped  to 
rb  CONUS  for  repair,  dollars  per  blade 
repaired 

C  =  The  dollar  cost  of  shipping  a  blade  to 
a  CONUS  using  air  transportation 

C  =  The  dollar  cost  of  shipping  a  blade  to 
8s  CONUS  using  surface  transportation 

Ct  =  The  dollar  cost  of  repairing  a  prematurely 
cr  removed  blade 

b  =  The  fraction  of  the  blades  shipped  to 
CONUS  for  repair  that  are  repaired 

d  =  The  fraction  of  the  blades  shipped  to 
CONUS  by  air  transportation 

The  remaining  symbols  are  the  same  as  those  used  for 
equation  (3). 

4.  New  Blade  Cost 


For  this  analysist  the  new  blade  cost  is  adjusted  to  include 
the  cost  of  removing  the  blade  that  was  scrapped  and  in¬ 
stalling  the  new  one.  This  cost  is  computed  using  equa¬ 
tion  (  5). 


(5) 


where: 


The  adjusted  cost  of  a  new  blade. 

The  cost  of  the  new  blade  at  the  factory. 
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5.  Blade  Support  Coat  Analysis 


The  blade  support  cost  is  computed  using  the  following 
equation: 


(  nL  n\ 

ct.  =  'HllnrJ  (cnb  x  g  ♦  Crb  x  h  ♦  Ct>  x  «<g  ♦  h)  (6) 

♦  Cg  x  f(g  ♦  h)  ♦  CQ  x 

where 

Cb  =  Blade  support  cost  in  dollars  per  flight 
DS  hour 

L  =  Aircraft  life  cycle  in  flight  hours 

MTR  =  The  mean -time -to-removal  for  repair  or 
replacement  in  blade  hours 

g  =  The  percentage  of  removed  blades  replaced 
by  new  blades 

h  =  The  percentage  of  removed  blades  replaced 
by  CONUS  facility  repaired  blades 

j  =  The  percentage  of  the  blades  removed  that 
are  repaired  by  the  using  organization 

e  =  The  fraction  of  the  blades  shipped  from 
CONUS  that  are  transported  by  air 

f  =  The  fraction  of  the  blades  shipped  from 
CONUS  by  surface  transportation 


n  =  The  number  of  blades  in  the  rotor 


For  these  analyses 


g  ♦  h  ♦  j  -  100  (7) 

and 

e  ♦  f  =  1  (8) 

To  compute  the  cost  of  repair  by  the  using  organization,  the 
average  blade  removal,  repair,  and  installation  manhours 
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spent  by  the  using  organization  were  taken  from  a  DA2407 
Maintenance  Report  data  listing  for  the  UH-IH  and  AH-1G. 
The  results  are  shown  in  Table  IX. 


TABLE  IX.  ORGANIZATIONAL  MAINTENANCE 
MANHOUR  REQUIREMENTS 
AND  COSTS* 


Activity 

UH 

-1H 

AH- 

LG 

Average 

Manhours 

Dollars 

Average 

Manhours 

Dollars 

Blade  Removal  /Tr  \ 

3.73 

13.06 

3.72 

13.02 

\  1  / 

Blade  Installation  ^TjJ 

3.73 

13.06 

3.72 

13.02 

Blade  Repair  |Tr  j 

m 

21.00 

6.50 

22.75 

TOTAL 

13.46 

13.94 

48 . 79 

*  Costa  are  based  on  $3.50  per  organizational  main* 
tenance  manhour.  This  is  approximately  a  30-percent 
increase  over  the  $2.67  shown  in  U.  S.  Army  Field 
Manual  101-20  dated  15  December  1966  (Reference  4) 


Cost  of  main  rotor  blade  shipment  to  or  from  Southeast 
Asia  is  (Reference  5): 

-  $114.00  by  air  transportation 

-  $82.00  by  surface  transporation 

Cost  of  a  new  blade  at  Bell  Helicopter  Company  is  (Ref¬ 
erence  6): 

-  $2918.19  -  UH-1D/UH-1H 

-  $3151.71  -  UH-1C/AH-1G 

The  average  cost  of  blade  repair  at  Bell  Helicopter 
Company  (as  developed  by  the  Cost  Analysis  Group)  is: 

-  $925.00  -  UH-1D/UH-1H 

-  $787.00  -  UH-  1C/AH-1G 


19 


The  allowable  operating  time  ( AOT)  for  the  blades  is 
(References  7,  8,  and  9): 

-  2500  hours  -  UH-1D/UH-IH 

-  iLOO  hours  -  UH-1C/AH-LG 

From  the  earlier  analyses,  the  MTR’s  of  the  blades  removed 
in  Vietnam  and  of  the  blades  repaired  at  BHC,  the  ratio 
of  the  fatigue  life  remaining  in  the  repaired  blade  to 
the  blade  MTR  was  developed  as  shown  in  Table  X. 


TABLE  X.  LIFE  REMAINING  IN 
REPAIRED  BLADES 


Blades 

UH-ID/H 

UH-IC/AH-1G 

MIR  of  blades  removed  in  Vietnam 
MTR  of  blades  repaired  at  BHC 

Blade  AOT 

409  hrs 

310  hrs 

2500  hrs 

316  hrs 

241  hrs 

1100  hrs 

Fatigue  life  remaining  in  BHC 
repaired  blades 

2190  hrs 

859  hrs 

Ratio  of  the  fatigue  life 
remaining  to  the  MTR  of 
blades  removed  in  Vietnam 

5.4:1 

2.7:1 

Since  the  ratio  of  the  fatigue  Life  remaining  on  the  repaired 
blade  to  the  Vietnam  blade  MTR  is  high,  the  analysis  does  not 
include  the  consideration  of  the  reduced  life  of  the  repaired 
blades. 


IV.  ANALYSIS  RESULTS 


A.  MTR  ANALYSIS 

1.  hod el  UH-ID  UH-1M  Blades 

Table  XI  fiom  TAERS  data  .shows  that  the  All  Data  values 
closely  resemble  the  Vietnam  data  values .  This  is  to  be 
expected  since  the  majority  of  the  blade  removal  records 
were  from  aircraft  stationed  in  Vietnam.  The  CONUS 
values  are  considerably  higher  than  those  from  Vietnam. 

Also  a  much  higher  percentage  of  CONUS  blades  survive  to 
scheduled  retirement  life.  This  reflects  the  difference 
in  environment  vulnerability  of  the  blade  to  the  two  use 
locations.  The  combat  environment  produces  blade  strike 
and  foreign  object  damage  (POD)  (i.e.,  bullet  damage). 

Also,  the  maintenance  cure  given  to  the  blades  in  CONUS 
is  a  ricety  that  must  be  of  a  lower  priority  in  the  combat 
2one  maintenance  environment. 

The  percentage  of  the  blades  removed  for  "External  Causes" 
in  Vietnam  is  almost  three  times  that  for  "Part  Causes." 

In  CONUS,  the  percentage  removed  is  less  for  "External 
Causes"  than  for  "Part  Causes."  A  review  of  the  more  de¬ 
tailed  tables  in  Appendix  D  shows  that  the  major  external 
removal  cause  in  Vietnam  is  the  combination  of  "battle 
damage"  and  "punctured"  (almost  1000  removals)  which  is 
practically  nonexistent  in  the  CONUS  data  (four  removals). 

2.  Model  UH-IC/AH- IG  Blades 

Table  XII  shows  characteristics  very  similar  to  those  of 
Table  XT  for  the  UH-ID/H  blades.  The  MIR  values  are  some¬ 
what  lower  than  those  for  the  D/H  blades.  The  percentage 
for  "External  Cause"  removals  in  Vietnam  is  again  almost 
three  times  the  percentage  of  "Part  Cause"  rtzcvals,  with 
"battle  damage"  and  "punctured"  again  being  the  major 
external  removal  cause.  Ihe  CONUS  MIR  values  had  to  be 
determined  from  a  very  small  number  of  removals.  At 
the  end  of  March  1970,  Bell  Helicopter  Company  helicop¬ 
ter  operation  records  show  that  over  47  UH-1C  and  79 
AH-IG  aircraft  were  assigned  to  CONUS  organizations  (not 
including  aircraft  being  rebuilt  at  ARADMAC  and  the  BHC 
Amarillo  facility  or  recently  delivered  aircraft  in  tran¬ 
sit).  These  numbers  of  aircraft  are  small  when  compared 
to  the  number  stationed  in  Vietnam, and  either  only  a 
few  have  had  blade  removals,  or,  what  is  more  likely,  all 
the  removals  are  not  being  reported.  Even  so,  it  is 
significant  that  a  comparitively  large  percentage  of  the 
CONUS  blades  is  replaced  for  time  change. 
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B.  MTBR  ANALYSIS 


1.  Model  UH-ID'UH-IH  Blades 

ruble  XIII  shows  fairly  similar  results  from  the  two  data 
sources  for  the  Vietnam  blades.  The  CONUS  values  are  Ques¬ 
tionable  since  the  time  base  is  so  low.  The  main  diffi¬ 
culty  with  this  analysis  was  that  aircraft  had  to  be  select 
ed  that  were  stationed  for  the  majority  of  their  life  in 
either  Vietnam  or  CONUS.  It  was  fairly  easy  to  identify 
aircraft  for  the  Vietnam  analysis,  but  there  were  very  few 
CONUS  aircraft  that  could  be  identified  that  had  not  spent 
a  good  portion  of  their  operating  life  in  Vietnam. 

It  is  interesting  to  note  that  the  Vietnam  results  show 
that  the  MTBR  for  "external  cause"  removals  is  about  one- 
third  that  for  "part  cause."  This  means  the  removal  rate 
for  "external  cause"  removals  is  again  about  three  times 
that  for  "part  cause,"  which  is  in  agreement  with  the 
results  of  the  MTR  analysis. 

2.  Model  UH-IC/AH-  1G  Blades 

Table  XIV  shows  marked  similarity  of  Vietnam  MTBR  values 
for  the  two  data  sources.  It  also  shows  the  three- to -one 
removal  rate  relationship  between  the  "external  cause" 
and  "part  cause"  removals. 

The  TAERS  CONUS  data  records  were  too  few  to  provide  a 
meaningful  analysis.  The  MAR  CONUS  analysis  shows  the 
higher  mean- times  that  can  be  expected  from  the  better 
use  environment. 

C.  MAIN  ROTOR  BIADE  SCRAP  ANALYSIS 
l.  General 

Through  the  UH-l/AH-l  MAR  Program  and  other  sources, 
it  was  determined  that  the  following  are  the  basic  reasons 
that  a  blade  removed  from  an  aircraft  is  scrapped: 

-  The  blade  has  achieved  its  allowable  operating  time. 

-  The  blade  is  damaged  beyond  repair  prior  to  removal. 

-  The  blade  is  damaged  beyond  repair  during  or  after 
removal. 


24 


■lad*  Cia*  b**«,  hour*  I  Wt .600  I  .556 


MASONS  FOR  REMOVAL  VERSUS  MEAN- TPiE- BETWEEN -REMOVALS 
(UH-1C/AH-10  MAIN  ROTOR  BIADES) 
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The  blade,  reparable  when  removed,  is  improperly 
handled  and  packaged  after  removal  and  deterio¬ 
rates  beyond  repair. 

The  blade,  thought  reparable  when  removed,  is 
la'-er  found  to  be  either  too  badly  damaged  or  too 
badly  deteriorated  to  repair. 

The  blade  has  too  little  fatigue  life  remaining  to 
make  facility  repair  economical. 

The  time  records  for  the  blade  are  lost,  and  its 
appearance  indicates  that  it  might  be  dangerous 
to  repair  it  and  assign  a  time  value. 

Because  most  of  the  blades  that  were  scrapped  were  not 
identified  in  TAERS,  it  was  necessary  to  make  certain 
assumptions  concerning  the  TAERS  data  records  that  show 
that  a  blade  was  removed  for  part  or  external  causes. 

They  are: 

If  there  are  records  that  show  that  the  blade  was 
later  either  installed  on  or  removed  from  an  air¬ 
craft,  then  the  blade  had  been  repaired  after  its 
original  removal. 

-  If  there  are  codes  in  the  records  that  show  that 
the  blade  was  shipped  to  a  repair  facility,  then 
it  is  assumed  that  the  blade  was  shipped  after 
removal  and  was  not  repaired  by  the  organization 
that  did  the  removal. 

-  If  there  are  no  records  from  any  source  on  the 
blade  after  removal  then  it  is  assumed  that  it 
was  scrapped  by  the  organization  that  did  the 
removal. 

the  Red  River  Army  Depot  (RRAD)  was  a  receiving  point 
for  main  rotor  blades  returning  to  CONUS  for  repair. 

Until  recently,  RRAD  inspected  the  incoming  blades  and 
scrapped  those  that  were  not  economically  reparable,  based 
on  their  inspection  criteria.  The  remainder  were  either 
forwarded  to  a  repair  facility  or  held  pending  the 
receipt  of  adequate  records.  Since  RRAD’s  inspection  of 
the  blades  was  limited  to  what  could  be  seen  without  dis¬ 
assembly,  most  of  their  reasons  for  scrappage  were  for 
external  causes.  The  initial  RRAD  data  were  obtained  in 
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September  1967.  Later  in  1968,  the  total  time  on  the 
blades  was  aLso  included  in  the  data.  The  RRAD  log  sheets 
were  received  until  26  May  1969,  about  the  same  time  as  the 
end  of  BHC's  then-current  blade-repair  contract. 

The  scrap  probability  analyses  needed  input  from  ail 
three  data  sources.  Sample  groups  of  TAERS  data  were 
selected  that  had  dates  of  removal  for  blades  that  would 
be  expected  to  be  found  in  the  RRAD  and  BHC  records.  The 
data  selected  we^e  those  with  Julian  dates  starting  72, 

73,  80  and  81.  A  review  of  these  data  showed  that  the 
number  of  CONUS  part  and  external  cause  removals  was  too 
small  and  was  therefore  inadequate  to  obtain  meaningful 
analysis  values.  For  this  reason,  the  probability  analyses 
were  conducted  using  only  Vietnam  blade  removal  records. 

2 .  Probability  of  Scrappage  and  Repair 

Tables  XV,  XVI,  XVII,  and  XVIII,  which  summarize  the  results 
of  the  probability  of  scrappage  and  probability  of  repair 
analysis,  show  a  somewhat  different  ratio  of  externally 
caused  removals  to  part  caused  removals  from  that  seen  in 
the  previous  tables.  Instead  of  the  three- to-one  ratio, 
the  ratio  is  a  little  over  two  to  one  for  the  UH-1D/H 
blades  and  a  little  over  six  and  one-half  to  one  for  the 
UH-1C/AH-1G  blades.  This  indicates  that  the  blade  removal 
distributions  for  the  periods  used  in  the  scrappage  analy¬ 
sis  were  not  typical  of  the  total  Vietnam  blade  removal 
distributions.  This  shows  the  need  for  further  study. 

For  example,  the  "external  cause"  to  "part  cause"  removal 
ratio  may  increase  considerably  when  other  time  periods  of 
data  are  analyzed.  This  increase  could  relate  to  periods 
of  intense  battle  activity  such  as  the  TET  offensive  in 
January  -  February  1968,  when  inspection  criteria,  the 
rate  of  field  repairs,  and  the  percentage  of  blades  scrapped 
by  the  removing  organization  was  extremely  different  from 
the  average  or  normal  situation. 

Although  the  percent  scrapped  is  similar  for  the  two  blades 
for  combined  causes,  the  percentages  differ  considerably 
between  the  two-blade  types  for  some  of  the  subclasses  of 
removal  reasons.  For  example,  over  90  percent  of  the  D/H 
blades  removed  as  "overs tressed"  were  scrapped,  while  only 
59  percent  of  the  C/G  blades  removed  for  the  same  reason 
were  scrapped.  Conversely» over  94  percent  of  the  C/G 
blades  removed  for  "deterioration"  were  scrapped,  while 
only  56  percent  of  the  D/H  blades  removed  for  this  reason 
were  scrapped.  Although  this  variance  was  not  explained 
by  the  analyses  conducted,  it  is  probably  partially 
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related  to  the  conditions  that  prevailed  juring  the  periods 
for  which  data  were  analyzed.  With  additional  time,  more 
data  periods  could  be  examined  to  determine  if  the  vari¬ 
ance  is  consistent.  (Note  that  the  large  percentage  (72%) 
of  the  C/G  blades  removed  for  ’’deterioration"  were  scrapped 
by  the  removing  organization  and  that  the  period  analyzed 
included  the  TET  offensive  of  January-February  1968.)  This 
variance  precludes  the  establishment  of  special  criteria 
for  certain  type  removals;  i.e.,  it  would  be  in  error  to 
direct  the  scrappage  of  blades  at  the  point  of  removal  for 
overstress  or  deterioration. 

It  is  interesting  that  while  the  removing  organization 
scraps  a  higher  percentage  of  the  C/G  blades  (54.2%)  than 
of  the  D/H  blades  (31.7%),  it  also  repairs  (or  reuses)  a 
higher  percentage  of  the  C/G  blades  (16.1%)  than  of  the 
D/H  blades  (11.8%).  Thus  it  naturally  follows  that  a 
higher  percentage  of  the  D/H  blades  are  shipped  to  CONUS 
for  repair  (56.6%  versus  29.8%  for  the  C/G  blades).  How¬ 
ever,  since  about  the  same  percentage  of  the  blades  shipped 
of  each  type  are  scrapped,  this  means  that  a  higher  per¬ 
centage  of  the  D/H  blades  that  were  removed  are  being 
scrapped  after  shipment  to  CONUS  (38.4%  versus  21.4%  for 
the  C/G  blades).  This  suggests  that  better  inspection 
criteria  should  be  used  by  the  organization  removing  the 
UH-1D/H  blades  in  order  to  reduce  the  number  of  blades 
shipped  to  a  repair  facility  that  should  have  been  scrapped. 
However,  since  the  UH-1D/H  data  analyzed  was  only  for  a 
100-day  period  in  1967,  it  may  not  be  typical  of  later 
removal  periods.  Unfortunately,  the  authorized  time  re¬ 
maining  for  this  study  when  this  characteristic  was  ob¬ 
served  did  not  permit  it  to  be  investigated. 

The  percent  scrapped  plus  the  percent  repaired  do  not  add 
to  100  percent.  This  is  because  the  final  disposition 
could  not  be  assumed  for  the  blades  held  at  RRAD  for  addi¬ 
tional  records  or  for  the  blades  forwarded  from  RRAD  to  a 
repair  facility  from  which  there  are  no  further  data. 

3.  Reason  for  Removal  Analysis  of  BHC  and  RRAD  Blade  Data 

Tables  XIX  and  XX  show  that  although  about  the  same  percen¬ 
tage  of  D/H  and  C/G  blades  are  scrapped,  the  percentage 
differs  considerably  for  blades  removed  for  part  and  ex¬ 
ternal  causes  (and  their  subcauses).  A  lower  percentage 
of  C/G  blades  removed  for  part  causes  are  scrapped  than 
for  the  D/H  blades  similarly  removed  (45%  versus  65.37o). 
Conversely,  a  higher  percentage  of  the  C/G  blades  removed 


33 


* 

* 


34 


Blades  processed  equals  blades 
repaired  at  BMC  plus  those  sera 
at  BHC  and  at  Red  River  Amy  De] 
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**  Records  with  part  time  only 


lor  external  causes  are  scrapped  than  1'or  the  D/H  blades 
slmiLarLy  removed  (76.0%  versus  68.0%),  The  tables  show 
that  the  KlU  for  the  scrapped  blades  Is  considerably  higher 
than  that  for  the  repaired  blades  (176.9  hours  higher  for 
the  D  H  blades  and  L47.3  hours  higher  for  the  C/G  blades). 

4 .  Reason  for  Scrappage  Analysis  of  BHC  and  RRAD  Blade 
ba  ta  . . 


Tables  XXI  and  XXII  which  compare  the  scrappaga  at  RRAD 
and  at  BHC  show  that  a  much  larger  percentage  of  the  C/G 
blades  were  scrapped  at  RRAD  than  were  scrapped  at  BHC, 
while  almost  the  same  percentage  of  the  D/H  blades  were 
scrapped  at  the  two  locations.  In  both  blade  groups  be¬ 
tween  80  and  90  percent  of  the  blades  scrapped  at  RRAD 
were  scrapped  for  external  causes. 

5.  Reason  for  Removal  Versus  Reason  for  Scrappage  Analysis 

Prom  the  previous  analyses  it  was  apparent  that  by  the  time 
the  blades  arrived  at  the  repair  facility  most  of  the  blades 
that  were  obviously  unreparable  were  scrapped.  Hie  blades 
that  are  scrapped  at  the  repair  facility  are  blades  with 
defects  that  are  only  discernable  when  disassembled  or  at 
least  given  a  more  detailed  inspection  than  that  normally 
achievable  at  the  previous  inspections.  Therefore,  in 
Table  XXIII,  it  is  not  surprising  that  the  majority  of 
the  reasons  for  the  D/H  blade  scrappage  at  the  repair  faci¬ 
lity  (in  this  instance,  BHC)  are  grouped  under  the  part 
cause  classification.  It  is  surprising  that  in  Table  XXIV 
the  same  is  not  true  for  the  C/G  blades.  Over  three  times 
as  many  D/H  blades  were  scrapped  at  BHC  for  part  cause  than 
for  external  causes,  while  for  the  C/G  blades  the  opposite 
was  true  at  a  ratio  of  1.9  to  one.  The  big  factor  in  D/H 
blade  scrappage  was  water  contamination  (44%  of  the  blades 
scrapped),  while  for  the  same  cause  only  a  comparatively 
small  percentage  (6%)  of  the  C/G  blades  were  scrapped. 

This  was  so  even  though  both  were  of  the  improved  blade 
design.  This  implies  that  adding  the  improvements  to  the 
existing  blade  design  (D/H)  is  not  as  effective  as  incor¬ 
porating  them  in  the  original  design  as  was  done  for  the 
UH-1C/AH-IG  blade. 

D.  AIRCRAFT  MAIN  ROTOR  BLADE  SUPPORT  COST  ANALYSIS 
l.  Blade  Costs 

The  results  of  the  adjusted  blade  cost  computations  are 
shown  in  Table  XXV. 
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TABLE  XXZ.  SUMMARY  OP  REASONS  FOR  SCRAPPAGE 
OP  UH-lD/H  MAIN  ROTOR  BLADES 
SCRAPPED  BY  BHC  AND  RRAD 

Model  UH-1D/H  Dvg  /Part  No.  204-011-250-005 


REASON  FOR  SCRAPPAGE 

Percent 

of  Total 

Scrapped 

RRAD 

BHC 

TOTAL 

ALL  CAUSES 

50.57 

49.43 

100.00 

I. 

PART  CAUSES 

7.24 

36.27 

43.51 

A.  Imbalance 

0.00 

.45 

.45 

B.  Deterioration 

0.07 

1.22 

1.29 

C.  Bonding  Failure 

0.52 

2.82 

3.34 

D.  Corrosion 

6.65 

9.99 

16.64 

E.  Water  Contamination 

0.00 

21.79 

21.79 

II. 

EXTERNAL  CAUSES 

42.71 

11.94 

54.65 

A.  Foreign  Object  Damage 

33.38 

7.07 

40.45 

B.  Overstressed 

9.33 

4.87 

14.20 

III. 

NO  FAILURE  CAUSES 

0.38 

0.14 

0.52 

A.  Time  Change 

0.38 

0.14 

0.52 

IV. 

OTHER  CAUSES 

0.24 

1.08 

1.32 

A.  Unknown 

0.24 

1.08 

1.32 

No 

.  of  blades  scrapped 

1453 

1420 

2873 
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TABLE  XXZZ.  SIAMARY  OF  REASONS  FOR  SCRAPPAOE 
OF  UH-IC/AH-IO  MAIN  ROTOR  BLADES 
SCRAPPED  BY  BHC  AND  RRAD 

Model:  UH-IC/AH-IO  Dvg  /Pert  No.  540-011-001-005 


REASON  FOR  SCRAPPAOE 

Percent 

of  Total 

Scrapped 

RRAD 

BHC 

TOTAL 

ALL  CAUSES 

65.03 

34.97 

100.00 

Z. 

PART  CAUSES 

1.85 

10.46 

12.31 

A.  Imbalance 

C.00 

0.31 

0.31 

B.  Deterioration 

0.00 

2.26 

2.26 

C.  Bonding  Failure 

0.62 

0.62 

1.23 

D.  Corrosion 

1.23 

5.13 

6.36 

E.  Water  Contamination 

0.00 

2.15 

2.15 

ZZ. 

EXTERNAL  CAUSES 

57.44 

19.90 

77.33 

A.  Foreign  Object  Damage 

54.97 

16.10 

71.08 

B.  Overs  tressed 

2.46 

3.79 

6.26 

ZZZ. 

NO  FAILURE  CAUSES 

5.44 

2.05 

7.49 

A.  lime  Change 

5.44 

2.05 

7.49 

ZV. 

OTHER  CAUSES 

0.31 

2.56 

2.87 

A.  Unknown 

0.31 

2.56 

2.87 

No. 

of  blades  scrapped 

634 

341 

975 
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TABLE  XXIII.  SUMMARY  OP  REASONS  FOR  REMOVAL  VERSUS  REASONS 

FOR  SGRAPPAGE  OF  UH-1D/H  BLADES  SCRAPPED  AT  BBC 
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TABLE  XXIV.  SUMARY  OF  REASONS  FOR  REMOVAL  VERSUS  REASONS 
FOR  SCRAPPAGE  OF  UH-1C/AH-1G  BLADES  SCRAPPED 
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The  coat  of  a  blade  repaired  at  a  repair  facility  is  less 
than  half  of  the  cost  of  a  new  blade  even  when  the  repaired 
blade  cost  includes  the  apportioned  shipping  cost  of  the 
blades  that  were  scrapped  in  CONUS. 

The  cost  of  a  blade  repaired  at  the  point  of  removal  is 
inexpensive  compared  to  the  facility  repair,  but  the  effec¬ 
tiveness  of  the  field  repair  was  not  evaluated.  (This 
would  be  difficult  to  determine.) 

2.  Aircraft  Main  Rotor  Blade  Support  Costs 

Table  XXVI  lists  the  aircraft  blade  support  costs  consider¬ 
ing  the  different  methods  of  transporting  the  blades,  a 
5000-hour  aircraft  life  cycle  and  different  blade  replace¬ 
ment  procedures.  There  is  very  little  difference  in  support 
cos t  (18  to  20  cents  per  flight  hour)  between  the  methods 
of  transportation  used  to  ship  blades  for  repair  and  to 
send  new  and  repaired  blades  back  to  the  user.  (However, 
this  would  amount  to  $180,000  to  $200,000  for  a  fleet  fly¬ 
ing  a  million  flight  hours  under  continued  combat  conditions. 

If  the  CONUS  repair  procedure  was  stopped  it  would  increase 
the  support  cost  89  cents  per  flight  hour  for  the  UH-1D/H 
and  56  cents  per  flight  hour  for  the  UH-1C/AH-1G. 

With  a  low  MTR  relative  to  the  AOT  such  as  exists  in  a 
combat  environment,  a  blade  repair  program  is  cost  effec¬ 
tive  even  when  the  scrap  rate  is  high. 

If  the  number  of  blades  scrapped  could  be  reduced  or  if 
the  blades  that  are  scrapped  were  scrapped  at  the  point 
of  removal,  then  the  adjusted  cost  of  the  repaired  blades 
could  approach  the  basic  costs  shown  on  Table  XXV. 


42 


t 


m 

u 

£ 

♦ 


43 


5000-hour  aircraft  life 


V 


CONCLUSIONS 


A.  MIR  AND  MTBR  ANALYSES 

Hie  KIR  anaLysl^  allows  thut  for  both  UH-ID/H  and  UH-IC/ 

AH- LG  b Laden,  the  Vietnam  combat  and  maintenance  environment 
results  in  premature  removaLs  long  before  the  allowable 
operating  time  is  reached.  On  the  average,  the  MIR  is 
about  18  percent  of  the  scheduled  retirement  life  for  the 
IKI-1D  H  blades  and  just  over  30  percent  for  the  UH-IC/' 

AH-IG  blades.  A  significantly  longer  life  before  removal 
is  obtained  when  the  aircraft  is  in  a  noncombat  environ¬ 
ment.  Here  a  much  larger  percentage  reach  scheduled  re¬ 
tirement  and  even  more  would  if  the  aircraft  did  not  have 
to  contend  with  the  training  environment. 

The  blade  MTR  is  a  more  understandable  value  than  is  the 
MTBR  for  use  in  comparing  the  reason-for-removal  subgroups. 
Of  course,  it  is  necessary  to  have  enough  values  to  make 
the  mean  meaningful.  The  problem  with  MTBR  values  is  that 
when  the  major  reason-for-removal  classes  are  divided  into 
subgroups, the  MTBR  values  increase  (because  fewer  removals 
are  divided  into  the  same  time  base)  and  are  difficult  to 
evaluate. 

Even  though  the  blades  have  been  improved  as  a  result  of 
field  experience,  the  percentage  of  Mpart  cause"  removals 
(26.0%  for  the  UH-ID/H  and  24.1%  for  the  UH-1C/AH-1G 
blades)  indicates  that  further  blade  research  is  justified. 
The  fact  that  the  "part  cause"  MTR's  for  CONUS  blades  is 
92  percent  greater  for  the  UH-ID/H  and  23  percent  greater 
on  the  UH-1C/AH-1G  than  for  Vietnam  "part  cause"  removals 
indicates  that  inadequate  care  and  maintenance  of  the  blades 
as  well  as  the  difference  m  natural  environment  may  be 
important  factors  in  the  earlier  removals  of  the  Vietnam 
blades.  This  suggests  that  the  design  life  of  future 
blades  should  be  free  of  preventive  maintenance  require¬ 
ments,  and  the  blade  should  be  more  resistant  to  the 
presently  destructive  elements. 

B.  SCRAP  ANALYSIS 

The  probability  of  scrapping  a  blade  removed  for  part  or 
external  causes  is  high.  However,  there  does  not  seem  to 
be  a  blade  removal  cause  that  consistently  has  a  very  low 
or  zero  repair  history.  More  than  10  percent  of  the  blades 
removed  for  part  or  external  causes  are  repaired  at  the 
point  of  removal  and  are  reinstalled  on  the  aircraft  from 
which  they  were  removed,  or  are  installed  on  other  aircraft 
in  the  area. 
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requirement  for  major  repair.  But  to  be  cost  effective, 
the  blade  support  cost  would  have  to  be  less  than  the 
present  cost.  The  blade  cost  targets  (including  the 
apportionment  of  engineering,  tooling  and  test  costs)  are 
shown  in  Table  XXVII.  The  method  used  to  compute  the 
cost  targets  is  presented  in  Appendix  C. 


TABLE  XXVII.  COST  TARGETS  FOR 

THROWAWAY  BLADES* 


UH-1D/H 

UH-1C/AH-1G 

Present  support  cost 
using  ground  trans¬ 
portation 

$9 .84/fl t.  hr. 

$14 . 61/flt.  hr. 

Present  Vietnam  MIR 

408.8  hrs. 

315.5  hrs. 

Percent  of  blades 
repaired  at  point  of 
removal 

11.8% 

16.1% 

Cost  target  of  a  blade 
capable  of  limited 
repairs  at  the  point 
of  removal  (ground 
transportation  and 
same  MIR) 

2360.85 

2814.92 

Cost  target  of  a  blade 
that  is  completely 
nonreparable 
(ground  transporta¬ 
tion  and  same  MIR) 

2082.27 

2351.91 

*  5000-hour  life  cycle  aircraft 

D.  GENERAL 

As  is  often  the  case,  as  a  study  is  completed,  a  review  of 
the  analyses  that  were  performed  and  the  information  that 
was  obtained  suggest  areas  that  should  be  studied  in  more 
detail  or  over  a  broader  scale.  Such  is  the  case  with 
this  study. 
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At  Lor  thi  s  unaLysis  was  compLo  ted,  several  ctiaruc  toi  is  tic  s 
were  no  toe!  that  showed  the  need  for  additional,  study. 

The  results  are  very  sensitive  to  the  combat  activities 
that  occurred  during  the  data  period.  For  example,  the 
TET  offensive  in  January- February  1968  had  a  serious 
impact  on  the  number  of  blades  removed  and  the  ratio  of 
external  to  part  cause  removals. 

By  the  time  a  group  of  blades  gets  to  a  repair  facility, 
the  reasons  for  scrappage  of  those  that  are  scrapped  do 
not  necessarily  correspond  with  the  reasons  for  removal. 
Somewhere  in  the  use-removal-return  process  the  internal 
elements  of  most  of  the  blades  scrapped  acquire  water 
contamination, which  will  cause  or  may  already  have  caused 
bond  deterioration  and  corrosion. 

C.  AIRCRAFT  MAIN  ROTOR  BLADE  SUPPORT  COSTS 

The  support  costs  would  decrease  if  more  of  the  blade 
repairs  were  accomplished  in  the  field  and  if  more  of  the 
blades  that  are  scrapped  were  repaired.  For  this  reason 
there  has  been  concern  about  the  number  of  blades  scrapped 
and  the  desire  for  a  more  reparable  blade  for  the  UH-1/ 
AH-1  series  aircraft.  To  date,  no  in-depth  study  has 
been  made  to  determine  the  reparability  of  the  existing 
blades.  Tha  present  criteria  for  blade  damage  inspec¬ 
tion  and  reparability  have  been  based  on  conservative 
estimates  as  to  the  diminished  fatigue  life  produced  by 
the  damage  (and  wear)  observed  and  the  resulting  repair, 
and  the  estimated  cost  of  repair.  A  study  should  be  made 
to  determine  blade  reparability  that  includes  the  testing 
of  blades  already  damaged.  A  second  study  should  be  made 
to  evaluate  blade  repair  cost  (including  the  cost  of  the 
parts  replaced)  versus  the  allowable  fatigue  life  remain¬ 
ing.  Ihis  study  should  produce  a  repair  cost  formula  thAt 
considers  the  remaining  fatigue  life.  For  example,  it 
could  be  cost  effective  to  perform  an  expensive  repair  on 
a  low- time  blade  while  a  higher  time  blade  requiring  the 
same  repair  would  be  scrapped.  These  studies  would  be 
well  worth  their  cost  considering  the  millions  of  dollars 
expended  for  new  blades.  For  a  new  blade  designed  for 
high  reparability,  the  question  that  is  unanswered  is  what 
the  basic  cost  of  such  a  blade  would  be.  It  could  be 
quite  expensive  since  such  a  blade  would  have  to  have 
redundant  load  members,  removable  panels,  etc. 

An  alternative  approach  would  be  a  less  expensive  blade 
with  little  or  no  capability  for  field  repair  and  no 
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The  analysis  of  scrappage  and  repair  of  the  UH-1D/H 
main  rotor  blades  should  be  extended  to  include 
the  data  from  Julian  dates  7300  through  8199  so 
that  a  year  of  blade  removals  is  included.  The 
UH-1C/AH-IG  blade  analyses  should  be  similarly 
expanded . 

Even  though  the  data  are  inadequate  to  determine 
the  probability  of  scrappage  and  renm*  r  on  the  1969 
removals,  the  9000-9099,  9100-9199,  ?00- 9 299,  and 

9300-9365  periods  of  removal  data  should  be  examined 
to  determine  whether  the  ratio  of  external  to  part 
cause  removals  and  the  MTR’s  are  significantly  dif¬ 
ferent.  These  periods,  compared  with  the  similar 
periods  in  1968,  had  a  much  lower  combat  rate  that 
could  affect  the  results  of  the  analysis  by  showing 
that  the  support  costs  are  decreasing.  If  this  is 
so  then  the  cost  targets  for  l  more  reparable  blade 
or  a  throwaway  blade  would  be  lower  and  more  diffi¬ 
cult  to  achieve. 
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APPENDIX  A 


DEFINITIONS 


1 .  Reasons  for  Removal 

When  components  are  removed  from  an  aircraft  for  repair 
or  replacement  the  data  records  prepared  include  a  code 
for  the  reason  for  removal.  The  reasons  for  removal  are 
grouped  into  four  major  cause  classes  for  analysis  pur¬ 
poses.  They  are: 

Par  t  Caus  es 

External  Causes 

No  Failure  Causes 

Unknown  Causes 

2.  Part  Causes 


All  reasons  for  removal  that  are  the  result  of  blade  deteri¬ 
oration,  i.e.,  excessive  wear,  bond  separation,  corrosion 
or  blade  unbalance,  are  grouped  into  the  part  cause  classi¬ 
fication  . 

3.  External  Causes 

All  reasons  for  removal  that  are  the  result  of  external 
forces  damaging  the  blade  or  are  due  to  stressing  the 
blade  beyond  its  specified  limits  are  grouped  into  the 
external  cause  classification. 

4 .  No  Failure  Causes 

Reasons  for  removal  that  are  "time  change"  or  that  are 
"other  than  for  replacement  or  repair"  are  grouped  into 
the  "no  failure"  cause  classification. 

5.  Unknown  Causes 

Records  where  reasons  for  removal  are  unstated  or  reasons 
that  are  inconsistent  with  blade  removal,  e.g.,  fuse 
blown,  poor  focus,  etc.,  are  grouped  into  the  unknown 
cause  classification. 
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6.  Allowable  Operating  Time  (APT) 


This  Is  the  number  of  flight  hours  that  the  blade  is  per¬ 
mitted  to  be  used  and  still  have  an  adequate  fatigue  life 
safety  margin. 

7 .  Mean-Time- To-Removal  (MTU) 

This  value  is  the  sum  of  the  flight  hours  at  removal  for 
all  blades  divided  by  the  number  of  blades  removed.  The 
MIR  value  will  always  be  less  than  or  equal  to  the  AOT. 

i=n 

Z  ‘i 

MIR  =  -  (1) 

il 


where 


t^  =  The  total  flight  hours  on  the  ith  blade 
at  removal 


n  =  The  number  of  blades  removed 

8.  Mean-Time-Between-Removals  (MTBR) 


The  MTBR  for  main  rotor  blades  is  twice  the  sum  of  the 
flight  hours  of  the  group  of  aircraft  from  which  the  blades 
were  removed  divided  by  the  number  of  blades  removed  during 
those  flight  hours. 

j=m 

2  Z  *j 

MTBR  =  — -  (2) 


where 

t.  =  The  total  flight  hours  of  the 
J  jth  aircraft 

m  =  The  number  of  aircraft  in  the  group 
n  =  The  number  of  blades  removed 

9.  Improved  Blades 

Improved  blades  are  blades  with  cobalt  leading  edge  abrasion 
8 trips ,  nohperf orated  honeycomb,  improved  bonding,  sealed 
surfaces,  etc.  These  are  all  UH-1C/AH-1G  blades  and  all 
UH-1D/H  blades  with  serial  numbers  A2-2400  and  subsequent. 
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APPENDIX  B 

REASONS  FOR  REMOVAL 
AND  SCRAPPAOE 


TABLE  B-I .  MAIN  ROTOR  BLADE  REMOVAL  REASONS 


Reason  For  Removal 

0SM63H 

ALL  CAUSES 

I.  PART  CAUSES 

A.  Excessive  Vibration 

Beyond  specified  tolerance 

X  X 

Can't  balance 

X 

Erratic 

X  X 

Excessive  vibration 

X  X 

Fluctuates,  unstable 

X 

Improper  adjustment 

X 

Improper  alignment 

X 

Improper  contour 

X 

Improper  tracking 

X 

Improper  weight 

X 

Mismatched 

X  X 

Out  of  adjustment 

X 

Out  of  position 

X 

Unable  to  adjust  limits 

X 

Unbalanced 

X 

Unstable 

X 

B.  Deterioration 

IfNI 

X 

Burst 

X 

Cracked 

X  X 

I  Deteriorated 

X  X 

Flaking 

X 

I  Loose  rivets 

X 

I  Loose  trim  tabs 

X 

1  Noisy 

X 

1  C.  Bonding  Failure 

|  Bond  separation 

X 

1  Delaminated 

X  X 

I  Internal  failure 

X 

1  Loose 

X  X 

1  Poor  bonding 

X  X 

TABLE  B-I  (Cont  d) 


Reason  Por  Removal 

TAERS  RRAD 

IAUO  0SM  634 

I.  PART  CAUSES  (Cont’d) 

U.  Excessive  Wear 

Brush  failure/worn  excessively 

X 

Erosion 

X 

Internal  failure 

X 

Pitted 

X  X 

Split 

X 

Worn  excessively 

X  X  i 

E.  Corrosion 

Corroded 

X 

Deposits 

X  X 

Leaking 

X  X 

Moisture  saturation 

X 

Rust  or  corrosion 

X 

P.  Other 

Manufacturing  defect 

X 

II.  EXTERNAL  CAUSES 

A.  Foreign  Object  Damage 

Battle  damage  (combat  damage) 

X  X 

Bent 

X  X 

Broken 

X  X 

Buckled 

X  X 

Chipped 

X 

Collapsed 

X  X 

Cut 

X  X 

Damaged  part,  chip,  nick,  etc. 

X 

Dented 

X  X 

Poreign  object  damage 

X  X 

Grooved 

X 

Holes  punched 

X 

Mutilated 

X 

Nicked 

X 

Punctured 

X 

Scored 

X 

Torn 

X 

B.  Overstreaaed 

Broken  weights 

X 

Crash  damage 

X  X 

Hard  landing 

X 

Hit  tree 

X 

Jammed 

X 

Over speed 

X 
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TABLE  B-I  (Cont’c! ) 


Reason  For  Removal 

TAERS  RRAD 

IALK5  QSM  (.3i4 

II.  EXTERNAL  CAUSES 

B.  Overs  tress  oil  (Cont'd) 

Overs  tressed 

X  X 

Over  torque 

X 

RPH  out  of  Limit 

X 

Sudden  stoppage 

X  X 

Warped 

X  X 

C.  Heut  Damage 

glistered 

X  X 

Burned 

X 

Heat  Damage 

X  X 

D.  Maintenance  and  Shipping  Damage 

Bad  patch,  rivet,  mod,  tab,  etc. 

X 

Damaged  in  shipment 

X 

improper  handling 

X 

Improperly  installed 

X 

E .  0  ther 

Failure  caused  by  other 

component  failures 

X 

III.  NO  FAILURE  CAUSES 

A.  Time  Change 

XirowabTeoperating  time 

X  X 

B.  Other 

Inspect,  evaluate,  or  repair 

X 

Lost  or  missing 

X 

No  failure 

X 

Scheduled  maintenance 

X 

Wrong  part 

X 

IV.  UNKNOWN  CAUSES 
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TABLE  B-II.  REASONS  FOR  SCRAPPAOE  OF  MAIN 
ROTOR  BLADES  AT  BMC  AND  RRAD 


Reason  for  Scrappage 


ALL  CAUSES 


I.  PART  CAUSES 

A.  Imbalance 

Beyond  specified  tolerance 
Bushing  out  of  alignment 
Can ' t  balance 
Tip  or  edge  heavy 
Weights  loose 

B.  Deterioration 
Cracked 
Rough 

Worn 

C.  Bonding  Failure 
Bonding  failure 
Core  separation 
Delaminated 
Separated 

Void 

D.  Corrosion 
Corroded 

E.  Water  Contamination 
Water  in  blade 

II.  EXTERNAL  CAUSES 

A.  Foreign  Object  Damage 
Bullet  holes 
Creased 

Cut 

Damaged 

Dent 

Foreign  object  damage 

Holes 

Scored 

Torn 

B.  Over stressed 
Bent 

Bowed 
Broken 
Buckl ed 
Crash  damaged 
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TABLE  B- II  (Cont'd) 


Reason  for  Scrappage 

II.  EXTERNAL  CAUSES 

B.  Overs  tressed  (Cont’d) 
Crushed  core 
Distorted 
Mutilated 
Warped 

III.  NO  FAILURE  CAUSES 

A.  Time  Change 

Allowable  operating  time 

IV.  OTHER  CAUSES 
A.  Unknown 
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APPENDIX  C 


METHOD  TO  DETERMINE  COST 
TARGETS  FOR  THROWAWAY  BLADES 

i .  Analysis  Method 

To  determine  the  cost  target  for  throwaway  blades  in 
dollars  per  blade,  values  for  the  following  functions 
should  be  established. 

The  maximum  desired  aircraft  main  rotor  blade 
support  cost  in  dollars  per  flight  hour 

The  blade  mean- time- to -removal  for  part  and  external 
causes  at  the  location  where  the  majority  of  the 
aircraft  are  stationed 

The  percent  of  the  blades  removed  for  part  and  ex¬ 
ternal  causes  that  can  be  repaired  at  the  point  of 
removal 

The  life  cycle  of  the  aircraft 
The  number  of  blades  per  aircraft 

-  The  cost  of  transporting  the  blades  from  the  factory 
to  the  aircraft 

-  The  average  cost  of  removing  and  replacing  a  blade 

-  The  average  cost  of  repairing  a  blade  at  the  point 
of  removal 


*  equation  to  compute  the  blade  cost  target  was  developed 
m  equations  (3),  (5)  and  (6)  in  Section  III  of  this  report. 


C  =1 
T  g 


100  Cb  L  MTR 


n  (L  -  MTR) 


• « K  * K-.) 


(1) 


-  L00c/t  ♦  T.  \  *  jcm  T 

mi  r^  l j  mi 
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where 


C,p  =  The  blade  cost  target,  the  cost  of  the 
new  blade  at  the  factory  in  dollars  per 
blade 

C.  =  Blade  support  cost  In  dollars  per  flight 

s  hour 

L  =  Aircraft  life  cycle  in  flight  hours 

MTR  =  The  mean-time-to-removal  for  repair  or 
replacement  in  blade  hours 

n  =  The  number  of  blades  in  the  rotor 

C  =  The  dollar  cost  of  shipping  a  blade  to 
sa  CONUS  using  air  transportation 

C  =  The  dollar  cost  of  shipping  a  blade  to 

s  CONUS  using  surface  transportation 

e  =  The  fraction  of  the  blades  shipped  from 
CONUS  that  are  transported  by  air 

f  =  The  fraction  of  the  blades  shipped  from 
CONUS  by  surface  transportation 

C  =  The  manhour  cost  of  organizational  main¬ 
tenance  personnel 

T  =  The  time  in  manhours  to  remove  a  blade 
rl  assembly 

T  =  The  time  in  manhours  to  repair  a  blade 
r2  at  the  removal  area 

T.  =  The  time  in  manhours  to  install  the  blade 
assembly 

g  =  The  percentage  of  removed  blades  replaced 
by  new  blades 

j  =  The  percentage  of  the  blades  removed  that 
are  repaired  by  the  using  organization 


k 
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For  equation  (i): 


e  ♦  f  -  1 

(2) 

g  ♦  j  =  loo 

(3) 

2 .  Examples 

Two  throwaway  blade  cost  targets  for  the  UH-1D/H  and  the 
UH-1C/AH-1G  aircraft  are  computed  to  show  how  this  method 
is  used.  The  first  target  is  based  on  a  support  program 
where  limited  blade  repair  is  accomplished  at  the  point  of 
removal.  The  second  is  based  on  no  repair.  Table  C-I 
presents  the  input  values  used  for  the  computatations . 


TABLE  C-I.  FUNCTION  VALUES  FOR  THE 
EXAMPLE  COMPUTATIONS 


Functions 

Exam 

Pie _ 1 

i  i 

3 

i  g  i 

Aircraft 

UH-1C/ 

AH-1G 

°bs  -  /at  hr 

$9.84 

$9.84 

$14.61 

$14.61 

L  -  fit  hrs 

5000 

5000 

5000 

5000 

MTR  -  hrs 

408.8 

408.8 

315.5 

315.5 

n 

2 

2 

2 

2 

C8 

$114 

$114 

$114 

$114 

a 

Cs8 

$82 

$82 

$82 

$82 

e 

0 

0 

0 

0 

f 

1 

1 

1 

1 

cm 

$3.50 

$3.50 

$3.50 

$3.50 

T  -  hrs 

3.73 

3.73 

3.72 

3.72 

ri 

T  -  hrs 

6.00 

6.00 

6.50 

6.50 

r2 

-  hrs 

3.73 

3.73 

3.72 

3.72 

g 

88.2% 

100.0% 

83.9% 

100.0% 

j 

11.8% 

0.0% 

16.1% 

0.0% 
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Table  C-II  presents  the  results  of  the  computations. 


TABLE  C-II.  RESULTS  OP  THE  EXAMPLE 
COMPUTATIONS 


Mod  el 

Cost  target  of  a  blade 

capable  of  limited  repairs 
at  the  point  of  removal 
(ground  transportation, 
examples  l  and  3) 

UH-ID/H 

$2360.85 

UH-IC/AH-IG 

$2814.92 

Cost  target  of  a  blade  that  . 
is  completely  non  reparable 
(ground  transportation, 
examples  2  and  4) 

$2082.27 

$2351.91 
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APPENDIX  D 


DETAILS  OF  REASON  FOR  RfcMOVAL/MTR /MTBR 
ANALYSIS  OF  TAERS  DA24LO  COMPONENT 
REMOVAL,  AND  REPAIR/OVERHAUL  (AND 

INSTALLATION)  RECORD  DATA _ 


I'ABLE  U-I.  REASON  POk  REMOVAL  Mm  ANALYSIS 
OF  TALKS  DA 24 10  D  H  Main  Rotor 

BLADE  REMOVAL  DATA 


Blades  From  Aircraft  Model(s):  Utl-ID  H  Part  No.  204-011-250-5 


Reason  For  Removal 

Records  With 
Part  Time 

Percent 

rtf  A 1  1 

Number 

Ol  A  A  1- 

Causes 

ALL  CAUSES 

453.5 

I.  PART  CAUSES 

2.141 

546.7 

26.04 

A.  Excessive  Vibration 

521 

355.1 

6.34 

Sevoncl  specified  tolerance 

~T7 

443.7 

0.33 

Excessive  vibration 

173 

298.1 

2.10 

Fluctuates,  unstable 

6 

432.8 

Improper  adjustment 

4 

895.5 

0.05 

Improper  alignment 

l 

499.0 

0.01 

Improper  tracking 

34 

277.9 

0.41 

Improper  weighr 

5 

241.6 

0.06 

Mismatched 

34 

366.0 

0.41 

Out  of  adjustment 

21 

498.9 

0.26 

Out  of  position 

l 

178.0 

0.01 

Unable  to  adjust  limits 

119 

401.4 

1.45 

Unbalanced 

73 

367.4 

0.89 

Unstable 

23 

278.3 

0.28 

B.  Deterioration 

698 

597.3 

8.49 

IrTttTe - 

8 

42ft.  8 

o.id 

Burst 

7 

BT.  3"vi.-£  jj 

0.09 

Cracked 

608 

7.39 

Deteriorated 

69 

it  1.  HI 

0.84 

Flaking 

6 

689.5 

0.07 

C.  Bonding  Failure 

477 

580.8 

5.80 

Delaminated 

T7TT 

582.3 

Internal  failure 

37 

530.5 

0.45 

Loose 

17 

524.1 

0.21 

Poor  bonding 

295 

589.6 

3.59 

D.  Excessive  Wear 

316 

657.4 

3.84 

Brush  failure/wom  excessively 

"T3 

2^.7 

“errs 

Pitted 

26 

563.4 

0.32 

Worn  excessively 

277 

682.9 

3.37 

E.  Corrosion 

129 

648.9 

1.57 

Corroded 

TS 

>4$.0 

“7T77 

Deposits 

7 

0.09 

Leaking 

28 

486.2 

0.34 

Moisture  saturation 

IS 

599.1 

0.22 
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TABLE  D-I  (Cont ' d  ) 


Reason  Por  Removal 

Records  Wi  th 
Part  Time 

Percent 
of  All 

C  iusvs 

Number 

MTK 

(  Hours ) 

II.  EXTERNAL  CAUSES 

5 ,  IH8 

398.8 

6  3.10 

A.  Foreign  Object  Damage 

4.420 

398.5 

5  5.82 

Hat  Fie  damage  fcomhnt  damage) 

“757 

386 .  8 

9 .15 

Bent 

74 

409 . 8 

0.90 

Broken 

74 

426.  3 

0.9  ) 

Buckled 

37 

4  '2.6 

0.  45 

Chipped 

23 

433.8 

0.28 

Collapsed 

3 

68.6 

0.04 

Cut 

184 

346.5 

2.24 

Dented 

1,198 

437.6 

14.57 

Foreign  object  damage 

754 

416.5 

9.17 

Grooved 

10 

328.7 

0.12 

Nicked 

49 

406.7 

0.60 

Punctured 

883 

357.8 

10.74 

Scored 

9 

652.0 

0.11 

Torn 

375 

366.8 

4.56 

B.  Overstressed 

742 

400.4 

9.02 

firasTT  damage 

T57 

W57T 

“1717 

Overs peed 

234 

392.6 

Overstressed 

118 

297.8 

Sudden  stoppage 

196 

412.5 

Warped 

32 

330.5 

C.  Heat  Damage 

15 

349.7 

0.18 

Blistered 

394.  4 

T77TT 

Burned 

5 

238.4 

0.06 

Heat  damage 

l 

504.0 

0.01 

D.  Maintenance  and  Shipping  Damage 

l 

106.0 

0.01 

Improperly  installed 

”T 

1(36. 0 

o.fll 

E.  Other 

5 

583.6 

0.06 

Failure  caused  by  other 
component  failures 

33171 

d.b6 

III.  NC  FAILURE  CAUSES 

87 

1.658.8 

1.06 

A.  Time  Chanda 

87 

L658.8 

1.06 

Allowable  operating  time 

87 

1,658.5 

1.(36 

IV.  UNKNOWN  CAUSES 

806 

428.4 

9.80 

\ 

l 
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TABLE  D-II.  REASON  FOR  RQIOVAL/M'IR  ANALYSIS 
OP  TAERS  DA2410  C  7G  MAIN  ROTOR 
BIADE  REMOVAL  DATA 


BLades  From  Aircraft  Model(s):  UH-iC/AH-lG  Part  No.  54U-UU-OUI- 5 


Reason  For  Removal 

Records  With 
Part  Time 

P«*rc«*nt 

of 

All  Causet 

Number 

MTR 

( Hours) 

ALL  CAUSES 

2.204 

337.7 

UKMK) 

I.  PART  CAUSES 

*>32 

341.8 

24.14 

A.  Excessive  V ibration 

rISv 

258.5 

7.94 

Beyond  specified  tolerance 

:  mm- 

o  727 

Erratic 

2 

51.0 

0.09 

Excessive  vibration 

76 

162.6 

3.45 

Fluctuates ,  unstable 

3 

390.6 

0.14 

Improper  alignment 

2 

487.5 

0.09 

Improper  contour 

l 

270.0 

0.05 

Improper  tracking 

7 

232.0 

0.32 

Improper  weight 

I 

510.0 

0  95 

Mismatched 

8 

376.1 

0.  >6 

Out  of  adjustment 

9 

403.6 

0.41 

Unable  to  adjust  Limits 

36 

280.5 

1.63 

Unbalanced 

17 

391.3 

0.77 

Unstable 

7 

347.4 

0.32 

B.  Deterioration 

148 

393.7 

6.72 

Brittle - 

”“3 

163.6 

~ ff.Y4 

Cracked 

139 

401.0 

6.31 

Deteriorated 

5 

341.8 

0.23 

Flaking 

1 

330.0 

0.05 

C.  Bonding  Failure 

118 

341.6 

5.35 

Delaminated 

~n 

288.4 

“  1.TJ4 

Internal  failure 

15 

710.9 

0.68 

Loose 

12 

135. 8 

0.54 

Poor  bonding 

68 

314.4 

3.09 

D.  Excessive  Wear 

60 

412.4 

2.72 

Brush  failure/worr  excessively 

3 

386.6 

"0.14 

Pitted 

L 

66.0 

0.05 

Worn  excessively 

56 

419.9 

2.54 

E.  Corrosion 

31 

427.5 

1.41 

Co'rroded 

22 

414.0 

Deposits 

4 

368.2 

0.18 

Leaking 

3 

618.6 

0.14 

Moisture  saturation 

2 

406.5 

0.09 

TABLE  D-XX.  (Cont’ci; 


Reason  For  Removal 

Records  With 
Part  Time 

Percent 

of 

All  Causes 

Number 

MTR 

(Hours) 

II.  EXTERNAL  CAUSES 

Will 

283.6 

64.93 

A.  Poreign  Object  Damage 

1.221 

285.4 

55.40 

Battle  damage  (combat  damage) 

345 

77075 

~T5.T5 

Bent 

17 

ES&a 

0.77 

Broken 

11 

■  ' 

0,50 

Buckled 

6 

0.27 

Chipped 

9 

387.0 

0.41 

Cut 

36 

353.2 

1.63 

Dented 

151 

287.8 

6.85 

Foreign  object  damage 

237 

264.4 

10.75 

Grooved 

3 

76.3 

0.14 

Nicked 

18 

320.7 

0.82 

Punctured 

357 

292.4 

16.20 

Scored 

1 

432.0 

0.05 

Torn 

30 

385.8 

1.36 

B.  Overstressed 

202 

273.1 

9.17 

Crash  damage 

"TTff 

TO 

2.18 

Overspeed 

60 

279.4 

Overstressed 

28 

194.0 

Sudden  stoppage 

54 

305.2 

Warped 

12 

333.5 

0.54 

C.  Heat  Damage 

6 

201,0 

357.3 

0.27 

Blistered 

“3 

0714' 

Burned 

1 

84.0 

0.05 

Heat  damage 

2 

25.0 

0.09 

D.  Maintenance  and  Shipping  Damage 

2 

488.5 

0.09 

Improperly  Installed 

2 

488.5 

OTTJT 

III.  NO  FAILURE  CAUSES 

105 

985.7 

4.76 

A.  Time  Change 

Allowable  operating  time 

m 

995.7 

985.7 

4.76 

4.76 

IV.  UNKNOWN  CAUSES 

136 

388.7 

-£*12 
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['ABLE  0  III.  REASON  FOR  REMOVAL  Ml*  ANALYSIS 
OF  TAERS  DA2410  VIETNAM  D/H 
MAIN  ROTOR  BLADE  REMOVAL  DATA 


Blade*  From  Aircraft  Model(s):  OH-1  P  11 _  Part  No.  204-011-200-5 


Reason  For  Removal 

Records  With 
Part  Time 

Percent 
of  All 
Causes 

Number 

MTR 

( Hours) 

ALL  CAUSES 

408.8 

100.00 

I.  PART  CAUSES 

EH 

519.5 

23.19 

A.  Excessive  Vibration 

187 

396.5 

4.06 

Beyond"  specified"  tolerance 

~T7 

1*59.5 

0.26 

Excessive  vibration 

41 

Kii  m ... 

0.89 

Fluctuates,  unstable 

4 

0.09 

Improper  adjustment 

l 

0.02 

Improper  tracking 

17 

■ 

0.37 

Improper  weight 

3 

206.0 

0.07 

1  Mismatched 

23 

333.9 

0.50 

j  Out  of  adjustment 

9 

416.1 

0.20 

Out  of  position 

l 

178.0 

0.02 

Unable  to  adjust  limits 

43 

486.5 

0.93 

Unbalanced 

28 

284.4 

0.61 

Unstable 

5 

257.6 

0.11 

B.  Deterioration 

375 

538.8 

8.14 

Brittle 

“5 

sum 

Burst 

2 

0.04 

Cracked 

316 

ebb 

6.86 

Deteriorated 

48 

■M-Km 

1.04 

Flaking 

4 

576.2 

0.09 

C.  Bonding  Failure 

238 

515.5 

5  16 

Belaminated 

T7 

512. a 

~T7TQ 

Internal  failure 

15 

Klin 

0.33 

Loose 

5 

0.11 

Poor  bonding 

161 

3.49 

D.  Excessive  Wear 

177 

3.84 

Brush  Fallure/worn  excessively 

“17 

293.1 

0.26 

Pitted 

19 

551.1 

0.41 

Worn  excessively 

146 

624.5 

3.17 

E.  Corrosion 

92 

557.5 

2.00 

Corroded 

“3F 

668 . 8 

T77F 

Deposits 

5 

315.6 

0.11 

Leaking 

19 

412.3 

0.41 

Moisture  saturation 

10 

308.2 

0.22 
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TABLE  D- III  (Cont'J) 


Records  With 

Reason  Por  Reraovul 

Part 

Time 

I'eri  an  t 

MTR 

( Hours) 

ot  All 

Number 

_ 

Cause  s> 

II. 

EXTERNAL  CAUSES 

MKEM 

369.4 

6  7.09 

A. 

Foreign  Object  Damage 

2,616 

~ y[7 

37  3.  3 

56.76 

Battle  damage  (combat  damage) 

TKO 

TT7TT 

Bent 

'»l 

391.3 

0.89 

Broken 

46 

388.4 

1.00 

Buckled 

13 

425.8 

0.28 

Chipped 

1  j 

381.0 

0.  33 

Collapsed 

2 

100. 0 

0.04 

Cut 

136 

344.6 

2.95 

Dented 

725 

413.4 

15.73 

Foreign  object  damage 

373 

371.5 

8 . 09 

Grooved 

7 

316.2 

.  mi! 

Nicked 

22 

357.2 

0.48 

Pune  tured 

493 

337.3 

10.70 

Scored 

7 

680.5 

0.15 

Torn 

22  4 

305.6 

4.86 

B. 

Overstressed 

464 

348.5 

10.07 

Crash  damage 

"5S 

35575 

T757 

Overs peed 

143 

369.  L 

3.10 

Overstressed 

75 

276.6 

1.63 

Sudden  stoppage 

143 

355.8 

3.10 

Warped 

17 

342.1 

0.37 

C. 

Heat  Damage 

Blistered 

8 

333.1 

0.17 

MM 

3SO 

O.li 

Burned 

mW 

96.5 

0.04 

Heat  damage 

Hi 

504.0 

0.02 

D. 

Other 

179.5 

0.09 

Failure  caused  by  other 

179.5 

“37TO 

component  failures 

■1 

III. 

NO 

FAILURE  CAUSES 

749.5 

0.35 

A. 

Time  Change 

Allowable  operating  time 

16 

”TF 

749.5 

749.5 

0.35 

utss 

IV. 

UNKNOWN  CAi  ES 

432 

404.7 

9.37 
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TABLE  U-LV.  REASON  FOR  R EMOVAL/MTO  ANALYSIS 
OF  TAERS  DA2410  VIETNAM  C'G 
MAIN  ROTOR  BUDE  REMOVAL  DATA 


Blades  Pros  Aircraft  Hodel(a):  UH-IC/AH-IG  Part  No.  540-011-001-5 


^Ucord^ttt^ 

Percent 
of  All 

Causes 

Reason  For  Removal 

Part 

Time 

Number 

MTR 

(Hours) 

ALL  CAUSES 

1,288 

315.5 

100.00 

|  I.  PART  CAUSES 

302 

371.1 

23.45 

A. 

Excessive  Vibration 

86 

324.6 

6.68 

Beyond  specified  tolerance 

5 

369. 2 

0.39 

Excessive  vibration 

23 

304.1 

1.79 

Fluctuates,  unstable 

1 

268.0 

0.08 

Improper  alignment 

1 

201.0 

0.08 

Improper  contour 

l 

270.0 

0.08 

Improper  tracking 

6 

248.5 

0.47 

Mismatched 

4 

390.0 

0.31 

Out  of  adjustment 

7 

511.2 

0.54 

Unable  to  adjust  limits 

22 

281.4 

1.71 

Unbalanced 

12 

375.6 

0.93 

Unstable 

4 

263.2 

0.31 

B. 

Deterioration 

66 

410.9 

6.68 

Frit tie 

T 

51.0 

0.08 

Cracked 

81 

415.8 

6.29 

Deteriorated 

4 

401.5 

0.31 

C. 

Bonding  Failure 

70 

340.3 

5.43 

Delaminated 

“T3 

7FT7 

1.01 

Internal  failure 

8 

569.6 

0.62 

Loose 

2 

321.0 

0.16 

Poor  bonding 

47 

314.5 

3.65 

D. 

Excessive  Wear 

39 

418.3 

3.03 

Brush  fallure/worn  excessively 

— T 

662 . 0 

“TO 

Worn  excessively 

38 

411.8 

2.95 

E. 

Corrosion 

21 

412.7 

1.63 

Corroded 

~TE 

406.5 

“T775 

Deposits 

2 

445.5 

0.16 

Leaking 

2 

446.0 

0.16 

Moisture  saturation 

l 

380.0 

0.08 

5  II.  EXTERNAL  CAUSES 

886 

271.7 

68.79 

A. 

Foreign  Object  Damage 

Aattle  damage  (combat  damage) 

756 

TGT 

279.7 

262.2 

58.70 

TK77? 

Bent 

ll 

260.5 

0.85 

Broken 

7 

336.5 

0.54 

Buckled 

4 

155.2 

0.31 

TABLE  D- IV  ( 


Reason  For  R«oval 


II.  EXTERNAL  CAUSES 


A. 

Foreign  Object  Damage  (Cont'd) 
(Shipped 

Cut 

Dented 

Foreign  object  damage 

Grooved 

Nicked 

Punctured 

Scored 

Tom 

B. 

Overs tresaed 

Crash  damage 

Overspeed 

Overstressed 

Sudden  stoppage 

Warped 

C. 

Heat  Damage 

Blistered 

Heat  damage 

D. 

Maintenance  and  Shipping  Damage 

Improperly  installed 

III.  NO 

FAILURE  CAUSES 

A. 

Time  Change 

Allowable  operating  time 

IV.  UNKNOWN  CAUSES 

r 
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’d) 


Reoorda  With 
Part  Time 

Percent 
of  All 
Causes 

Number 

MTR 

(Hours) 

4 

386.2 

0.  A 

24 

325.2 

1.86 

88 

283.5 

6.63 

158 

263.2 

12.27 

3 

76.3 

0.23 

14 

338.4 

1.09 

185 

291.8 

14.36 

l 

432.0 

0.08 

15 

455.6 

1.16 

125 

223.8 

9.70 

T5 

75573 

“7735 

38 

242.1 

2.95 

18 

154.5 

1,40 

27 

212.3 

2.10 

8 

227.8 

0.62 

3 

117.7 

0.23 

r 

33773 

“3733 

2 

25.0 

0.16 

2 

488.5 

0.16 

TOI73 

“3713 

30 

934.1 

2.33 

30 

934.1 

2.33 

“33 

S3V.1 

i.  33 

1  70 

365.2 

5.42 

TABLE  l)-V.  REASON  FOR  REMOVAL/MTR  ANALYSIS 
OP  TAERS  UA2410  CONUS  D/H 
MAIN  ROTOR  BLADE  REMOVAL  DATA 


Blade*  From  Aircraft  Modal(a):  UH-ID /H _  Fart  No .  ?n<‘  Oil-230-  3 


Reason  For  Rcaioval 

Records  With 
Fart  Time 

Percent 
Of  All 
Causes 

Number 

MTR 

(  Hours) 

ALL  CAUSES 

333 

9*  ^  4 

100 ,00 
IMHE3 

I.  PART  CAUSES 

148 

9/>a.5 

44.44 

A.  Excessive  Vibration 

35 

532.2 

10.51 

beyond  specified  tolerance 

J 

662  •  5 

■■'7TO 

Excessive  vibration 

12 

226.3 

3.60 

Mismatched 

l 

161  .0 

0.30 

Out  of  adjustment 

2 

610.5 

0.60 

Unable  to  adjust  limits 

8 

661.8 

2.40 

Unbalanced 

8 

970.3 

2.40 

Unstable 

2 

74.0 

0.60 

B.  Deterioration 

56 

1.140.5 

16.82 

Hurst 

T 

43b. 0 

C73C 

Cracked 

52 

1.136.4 

15.62 

Deteriorated 

3 

1,100.6 

0.90 

C.  Bonding  Failure 

36 

10.81 

Delaaffnated 

5 

l.io 

Internal  failure 

l 

MEO 

0.30 

Loose 

4 

858.5 

1.20 

Poor  bonding 

25 

920.3 

7.51 

D.  Excessive  Wear 

18 

1.556.4 

5.41 

Worn  excessively 

18 

1,556.4 

5.1*1 

E.  Corrosion 

3 

835.3 

T7T7B 

0.90 

Deposits 

r 

0.10 

Leaking 

2 

1,142.0 

0.60 

II.  EXTERNAL  CAUSES 

134 

765.6 

40.24 

A.  Foreign  Object  Damage 

76 

796.0 

22.82 

Broken 

“X 

1,391.0 

“TOC 

Buckled 

l 

196.0 

0.30 

Chipped 

3 

673.7 

0.90 

Dented 

51 

838.4 

15.32 

Foreign  object  damage 

4 

487.8 

1.20 

Nicked 

3 

672.3 

0.90 

Punctured 

4 

559.8 

1.20 

Torn 

9 

858.0 

2.70 

B.  Overstressed 

-2S 

723.7 

17.41 

Crash  damage 

26 

940.4 

7.81 

Overspeed 

10 

333.0 

■a 
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TABLE  D  V  (Cont'd ) 


Reason  For  Removal 

Records  With 
Part  Time 

P«-rcen  t 

Ot  AIL 

Causes 

Number 

MTR 

( Hours  ) 

II.  EXTERNAL  CAUSES 

B.  Overstressed  (Cont'd) 

Overstressed 

0 

348.0 

1  .80 

Sudden  stoppage 

L4 

691 .5 

4.20 

Warped 

) 

272.0 

0 . 60 

III.  NO  FAILURE  CAUSES 

28 

2,396.9 

8.41 

A.  Tine  Change 

28 

2.396.9 

8.4L 

Allowable  o'peratlng  time 

“71 

27W6.9 

8.41 

[  IV.  UNKNOWN  CAUSES 

23 

6.91 
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TABLE  D-VI .  REASON  FOR  REHOVAL/MTH  ANALYSIS 
OF  TABS  DA2410  CONUS  C/G 
MAIN  ROTOR  BLADE  REMOVAL  DATA 


Blades  From  Aircraft  Hod«l(a)i  UH-IC/AH-IG  Part  No.  540-011-001-5 


rTTr~l~" 

33= 

Records  With 

Reason  For  Removal 

Fart 

Time 

Percent  i 
of  All 

Causes 

Number 

MTR 

(Hours) 

1  ALL  CAUSES 

_ |3 

475.7 

100.00 

I. 

PART  CAUSES 

18 

455.3 

33.96 

A. 

Excessive  Vibration 

n 

509.1 

359.0 

15.09 

Excessive  vibration 

“3777 

Unable  to  adjust  limits 

2 

668.5 

Unbalanced 

l 

639.0 

Unstable 

3 

459.6 

B. 

Deterioration 

5 

544.8 

9.43 

Cracked 

“3 

TO 

"9753 

C. 

Bonding  Failure 

2 

97.0 

3.77 

Delaminated 

"T 

“1739 

Poor  bonding 

l 

178.0 

1.89 

D. 

Excesaive  Wear 

2 

371.0 

3.77 

Worn  excessively 

;  y  i 

371.0 

“3777 

E. 

Corrosion 

i 

462.0 

1.89 

Corroded 

462.0 

r.  89 

II. 

EXTERNAL  CAUSES 

22 

290.2 

41.51 

A. 

Foreign  Object  Damage 

Buckled 

KM 

232.0 

T2070 

30.19 

T7I9 

Chipped 

■■ 

72.0 

1.89 

Cut 

Hi 

395.0 

1.89 

Dented 

192.4 

16.98 

Foreign  object  damage 

18.0 

1.89 

Torn 

3 

456.3 

5.66 

B. 

Overstressed 

445.3 

11.32 

Overspeed 

11.32 

III. 

NO  FAILURE  CAUSES 

994.7 

18.87 

A. 

Time  Change 

.ML 

994.7 

18.87 

Allowable  operating  time 

10 

994.7 

18.87 

IV. 

UNKNOWN  CAUSES 

3 

229.3 

5.66 
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TABLE  D-VXI.  REASON  BOR  REMOVAL/MTR/MTBR 

ANALYSIS  OP  A  SELECTED  SAMPLE 
OP  TARS  DA2410  VIETNAM  0/ H 
MAIN  ROTOR  BLADE  REMOVAL  DATA 


Bladas  Pro#  Aircraft  Modol(o):  UH-1D/H _  Part  No.  204-011-250-3 


Reason  For  Removal 

■TWZDdESB 

'^RaZi ■  I 

MTBR 

( Hours ) 

Number 

M7N 

(Hours) 

ALL  CAUSES 

136 

514b.3 

1.063 

I.  PART  CAUSES 

26 

601.0 

A.  Exccaaivc  Vibration 

2 

98.0 

72.278 

Unable  to  adjust  limits 

~ 2 

98.6 

72,271 

B.  Deterioration 

8 

565.6 

18.070 

Grac1ce3 

8 

18,070 

C.  Bonding  Pal lure 

15 

667.6 

9.637 

Delaminated 

6 

269.6 

24 ,093 

Internal  failure 

3 

856.7 

48,185 

Poor  bonding 

6 

471.7 

24,093 

D.  Excessive  Wear 

_4 

£2Ju£ 

144.556 

Pitted 

1 

891.0 

144,556 

E.  Corrosion 

0 

EE1 

• 

P.  Other 

0 

i  mm 

- 

II.  EXTERNAL  CAUSES 

109 

494.8 

1.326 

A.  Poreixn  Object  Damage 

102 

484.8 

1.417 

Battle  damage  (combat  damage) 

“21 

598.9 

6,814 

Bent 

l 

495.0 

144,556 

Broken 

l 

235.0 

144,556 

Buckled 

l 

218.0 

144,556 

Chipped 

l 

600.0 

144,556 

Cut 

3 

216.3 

48,135 

Dented 

28 

433.2 

5,163 

Poreign  object  damage 

17 

697.4 

8.503 

Punctured 

22 

370.6 

6,571 

Torn 

7 

362.1 

20,651 

B.  Overstressed 

7 

MLJL 

Overspend 

4 

407.6 

56.135 

Over a tressed 

l 

418.1 

144,556 

Sudden  stoppage 

2 

1,101.0 

72,278 

C.  Heat  Damage 

0 

0.0 

« 

D.  Maintenance  and  Shipping  Damage 

0 

0.0 

m 

E.  Other 

0 

Q.O 

• 
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TABLE  D-VII  CCont'd) 


Reason  For  Removal 

Raoords  With 
Fart  Time 

MTBR 

(Hours) 

Number 

mzm 

scY  *111 

III.  NO  FAILURE  CAUSES 

0 

0.0 

IV.  UNKNOWN  CAUSES 

l 

385.0 

144,556 
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TABLE  0  VIII.  REASON  POR  K IMOVAL  MIR  MTBR 

ANALYSIS  OK  A  SELECTED  SAMPLE 
OP  TAERS  UA2410  VIETNAM  C  0 
MAIN  ROTOR  BLADE  REMOVAL  DATA 


Blades  Pro*  Aircraft  Hodel(s):  UH-IG/AH-IO  Part  No.  54U-Q11 -UQ1- 5 


Reaaon  For  Removal 

Records  With 
Part  Time 

MTBR 

( Hours ) 

Number 

MIR 

( Hours) 

ALL  CAUSES 

250 

2  79.J. 

908 

I.  PART  CAUSES 

63 

348.3 

mem 

A.  Excessive  Vibration 

20 

266.0 

11,346 

Beyond  specified  tolerance 

T 

682  .n 

226,970 

Excessive  vibration 

6 

266.0 

37,820 

Fluctuates,  unstable 

1 

268.0 

226,920 

Improper  tracking 

1 

405.0 

226,920 

Out  of  adjustment 

l 

49.0 

226,920 

Unable  to  adjust  limits 

8 

249.1 

28,365 

Urbalanced 

2 

424.0 

113,460 

B.  Deterioration 

19 

382.7 

11.943 

ferlttl  • 

1 

51.0 

226,920 

Cracked 

17 

417.9 

13,348 

Deteriorated 

l 

121.0 

226,920 

C.  Bonding  Failure 

17 

299.2 

13,348 

Delaminated 

2653 

56, 730 

Internal  failure 

3 

423.3 

75,640 

Poor  bonding 

10 

275.5 

22,692 

D.  Excesaive  Wear 

3 

821.3 

75.640 

Brush  failure/vorn  excessively 

1 

662.0 

226,920 

Worn  excessively 

2 

901.0 

113,4.: 

E.  Corrosion 

4 

462.0 

56.730 

Corroded 

~ 3 

518.3 

75,640 

Leaking 

1 

293.0 

226,920 

F.  Other 

0 

0.0 

- 

II.  EXTERNAL  CAUSES 

181 

236.7 

A.  Foreign  Object  Damage 

141 

227.5 

1.609 

Battle  damage  (  comb's  £  damage) 

“15 

1733 

6,483 

Bent 

3 

165.0 

75,640 

Broken 

1 

288.0 

226,920 

Cut 

4 

415.3 

56,730 

Dented 

15 

227.1 

15,128 

i  Foreign  object  damage 

18 

268.0 

12,607 

Punctured 

62 

242.3 

3,660 

Torn 

3 

101.3 

75,640 

B.  Overs tressed 

38 

257.7 

5.972 

Crash  damage 

4 

174.5 

56,730 
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TABLE  D-VIII  (Cont'd) 


Reason  For  Removal 

Raoords  With 
Fart  Time 

mtbr 

— 

Number 

Ml* 

( Hours) 

(Hours)  1 

II.  EX1ERNAL  CAUSES 

B.  Overs  tressed  (Cont'd) 

Overspeed 

18 

294.6 

12,607 

Overstressed 

l 

562.0 

226,920 

Sudden  stoppage 

13 

189.8 

17,455 

Warped 

2 

113,460 

C.  Heat  Damage 

0 

• 

D.  Maintenance  and  Shipping  Damage 

2 

488.5 

113.460 

Improperly  installed 

7 

408.5 

113.460 

E.  Other 

0 

0.0 

- 

III.  NO  FAILURE  CAUSES 

4 

1.184.8 

56,730 

A.  Time  Change 

4 

1.184.8 

56.730 

A fTovable  operating  time 

— rr 

1,184.8 

56,730 

B.  Other 

0 

0.0 

- 

IV.  UNKNOWN  CAUSES 

2 

123.5 

113.460 
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TABLE  D-IX.  REASON  POR  R EMO  VAL/M1R /MTBR 

ANALYSIS  OP  A  SELECTED  SAMPLE 
OP  TAERS  DA2410  CONUS  D/H 
MAIN  ROTOR  BLADE  REMOVAL  DATA 


Blades  From  Aircraft  Model(s):  UH-1D/H _  Part  No.  204-011-250-5 


Reason  For  ReaovaL 

Records  With 
Part  Time 

MTBR  I 

( Hours )  1 

Number 

MTR 

(Hours) 

ALL  CAUSES 

16 _ 

1.484.1 

720 

|  X.  PART  CAUSES 

6 

8S3.8 

1,919 

A.  Excessive  Vibration 

3 

696.0 

3.839 

Unable  bo  adjust"  Units 

T 

l,  9MJ.0 

U,3lb 

Unstable 

2 

74.0 

5,758 

B.  Deterioration 

3 

1.011.7 

3.839 

Cracked 

“7 

638.0 

3,758 

Deteriorated 

1 

1,759.0 

11,516 

C.  Bonding  Pailure 

0 

0.0 

- 

D.  Excessive  Wear 

0 

0.0 

• 

E.  Corrosion 

0 

0.0 

• 

P.  Other 

0 

0.0 

- 

IX.  EXTERNAL  CAUSES 

4 

951.5 

2.879 

A.  Foreign  Object  Damage 

4 

951.5 

2.879 

Dented 

951.5 

2,  "579 

B.  Overstreased 

0 

0.0 

- 

C.  Heat  Damage 

0 

0.0 

_ 

D.  Maintenance  and  Shipping  Damage 

0 

• 

E.  Other 

3 

0.0 

III.  NO  PAILURE  CAUSES 

6 

2.469.3 

1.919 

A.  Time  Change 

6 

2.469.3 

1.919 

Allowable  operating  time 

~ 5 

2,469.3 

l,9l9 

B.  Other 

0 

0.0 

- 

IV.  UNKNOWN  CAUSES 

0 

0.0 
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APPENDIX  E 


DETAILS  OF  REASON  FOR  REPAIR  OR  REPLACEMENT  ANALYSIS 
OP  UH-L/AH- 1  MAINTAINABILITY  AND  RELIABILITY 
PROGRAM  FIELD  FAILURE/DISCREPANCY 
_ _ REPORT  DATA 
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TABLE  E-  II .  REASON  FOR  REPAIR  OR  REPLACEMENT 
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?.«»  I  *  I  *  ».»t» 

U,l)l  I  2  l*  .IN  I  2 


ANALYSIS  CP  AH- 10  MAR  PROGRAM 
ROTOR  BLADE  FAILURE  REPORT  DATA 
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APPENDIX  F 


DETAILS  OF  REASON  FOR  REMOVAL/HTO 
ANALYSIS  OF  BELL  HELICOPTER  COMPANY  AND 
RED  RIVER  ARMY  DEPOT  MAIN  ROTOR  BLADE 
REPAIR  AND  SCRAP  DATA _ 


TABLK.  F  I,  REASON  FOR  REMOVAL  MIR 

ANALYSIS  OP  D/H  MAIN  ROIOR 
BLADES  REPAIRED  OK  SCRAPPED 
AT  BMC  AND  SCRAPPED  AT  RRAD 


Blades  Proa  Aircraft  Model(s):  tM-lD/H _  Part  No.  204-011-250-QU5 


Reason  Por  Removal 

Reords  With 
Part  Time 

Percent 
of  All 
Causes 

Numbf  r 

MTR 

(Hours) 

ALL  CAUSES 

2,820 

428.3 

100.00 

1.  PART  CAUSES 

464 

mm 

16.45 

1  A.  Excessive  Vibration 

105 

in  I 

3.72 

|  Beyond  specified  tolerance 

5 

wU 

0.18 

Cannot  balance 

64 

339.2 

2.27 

Erratic 

l 

95.0 

0.03 

Excessive  vibration 

35 

329.4 

1.24 

B.  Deterioration 

102 

449.7 

3.62 

Cracked 

“83 

W3 

“T.75 

Deteriorated 

15 

461.0 

0.53 

Loose  rivets 

2 

556.5 

0.07 

Noisy 

2 

348.5 

0.07 

C.  Bonding  Failure 

155 

457.2 

5.50 

Bond  separation 

ini 

TOTS 

4.15 

DeLaminated 

v  mm 

46L.6 

0.92 

Loose 

;  mSM 

531.4 

0.35 

Poor  bonding 

wm 

366.0 

0.07 

D.  Excessive  Wear 

78 

537.6 

2.77 

firoslon 

SO 

330 

2.13 

Internal  failure 

7 

588.0 

0.25 

Pitted 

4 

540.2 

0.14 

(i  Worn  excessively 

7 

550.1 

0.25 

E.  Corrosion 

19 

709.0 

0.67 

Deposits 

359.0 

■  tt:tt 

Leaking 

530.0 

Rust  or  corrosion 

790.9 

0.53 

i  F.  Other 

258.0 

0.18 

Manufacturing  defect 

U 

258.0 

0.15 

II.  EXTERNAL  CAUSES 

■Mill 

364.9 

46.95 

A.  Foreign  Object  Damage 

908 

372.5 

32.20 

Battle  damage  (combat  damage) 

m 

430.6 

7.73 

Bent 

7 

0.25 

Broken 

6 

0.21 

1  Buckled 

5 

WIVnM 

0.L8 

Collapsed 

1 

6.0 

0.03 

Damaged  part,  chip,  nick,  etc. 

299 

342.0 

10.60 

Dented 

233 

379.1 

8.26 

81 


TABLE  F-I  (Cont'd) 


Reason  For  R«oval 

Eeoorde  With 
Fart  Ties 

Percent 

(timber 

MTR 

(Hours) 

of  All 

Causes 

1Z.  EXTERNAL  CAUSES 

A.  Foreign  Object  Daaage  (Cont'd) 

Foreign  object  daaage 

81 

321.9 

2.87 

Holes  punched 

S8 

361.7 

2.06 

Mutilated 

0 

-- 

0.00 

B.  Overstressed 

390 

345.1 

13.83 

5713 

Crash  daaage 

TO 

395.4 

Hard  landing 

C 

410.5 

0.21 

Hit  tree 

l 

620.0 

0.03 

j  aimed 

l 

378.0 

0.03 

Overstressed 

31 

248.0 

1.10 

Over torque 

2 

132.5 

0.07 

RPM  out  of  l Ini t 

162 

328.6 

5.74 

Sudden  stoppage 

49 

310.1 

1.74 

Warped 

2 

493.0 

0.07 

C.  Heat  Daaage 

4 

494.0 

0.14 

ITTsTerad 

£ 

76573 

0.03 

Heat  Carnage 

3 

403.7 

O.ll 

0.  Maintenance  and  Shipping  Daaage 

22 

378.5 

0.78 

1*3  patch,  rivet,  tab,  etc. 

“II 

363.6 

0.64 

Damaged  in  shipment 

0 

m  m 

0.00 

Lap roper  handling 

4 

355.5 

0.14 

E.  Other 

Q 

•  • 

0.00 

III.  NO  FAILURE  CAUSES 

40 

805.7 

1.42 

A.  Has  Change 

Allowable  operating  tiae 

8 

2J064.6 

2,064.6 

0.28 

0.1 

B.  Other 

32 

ETT9T1 

1.13 

&7T5’ 

Inspect,  evaluate,  or  repair 

5 

■53575 

Lost  or  alssing 

8 

350.2 

No  failure 

16 

558.4 

0.57 

Scheduled  aeintenance 

4 

557.8 

0.14 

IV.  UNKNOWN  CAUSES 

992 

487.3 

35.18 

82 


TABLE  P-II.  REASON  POR  REMOVAL/WIR 

ANALYSIS  OP  C/G  MAIN  ROTOR 
BLADES  REPAIRED  OR  SCRAPPED 
AT  BHC  AND  SCRAPPED  AT  RRAD 


Bladea  proa  Aircraft  ModeK a ) i  UH-IC/AH-1G  Part  No.  540- Oil- 001- 005 


Recorda  With 

Reaaon  Per  Raaoval 

Part  Tiae 

Percent 

VTTR 

or  All 

Number 

(Hours) 

Cauaea 

ALL  CAUSES 

925 

341.5 

100. 0 

1  I.  PART  CAUSES 

135 

349.7 

14.6 

A. 

Excaaaiva  Vibration 

74 

323.4 

715.5 

8.0 

Beyond  spec triad  tolerance 

? 

Can't  balance 

45 

328.2 

4.9 

Erratic 

2 

345.0 

0.2 

Excaaaiva  vibration 

24 

277.9 

2.6 

Mleaatched 

l 

374.0 

0.1 

B. 

Deterioration 

28 

321.2 

3.0 

Cracked- 

TT 

3957? 

Deteriorated 

2 

70.0 

0.2 

Loose.  r Iveta 

l 

276.0 

0.1 

Looee  tr lata be 

4 

64.3 

0.4 

C. 

Bond Inc  Pailure 

21 

351.9 

2.3 

Bono  separation 

15 

3777TJ 

OeLaal  noted 

2 

20.5 

0.2 

Looee 

3 

439.3 

0.3 

D. 

Excaaaiva  Hear 

Erosion 

6 

647.2 

75570 

-w- 

Internal  failure 

l 

504.0 

0.1 

Worn  excaaaiva ly 

2 

570.5 

0.2 

E. 

Corroelon 

6 

502.0 

0.7 

Ruat  or  cor roe ion 

30170 

P. 

Other 

fm 

- 

0.0  _ 

1  II.  EXTERNAL  CAUSES 

512 

286. 6 

A. 

424 

m 

292.3 

79571 

fH- 

Bent 

3 

319.3 

0.3 

Cut 

;  mm 

395.0 

0.1 

Deaaged  part,  chip,  nick,  etc. 

Bli 

307.4 

8.3 

Dented 

i;  mm 

270.9 

S76 

Foreign  object  damage 

261.6 

2.B 

Ho lea  punched 

*  EH 

291.7 

S.l 

Mutilated 

i-  D 

36.0 

0 .1 

B. 

Overatreeeed 

Broken  weight a 

83 

268.5 

39970 

-fcf- 

83 


TABLE  P -II  (Cont'd) 


Reason  for  Removal 


Reonrds  With 
Part  Tiae 


Number 


KIR 

(Hours) 


Parcant 
of  All 

Causes 


1 1 .  EXTERNAL  CAUSES 

B.  Over* tressed  (Cont'd) 

CrasTh  damage 

Herd  landing 
Hit  tree 
Ova rs tressed 
RPM  out  of  Halt 
Sudden  stoppage 

C.  Heat  Damage 

D.  Maintenance  ana  Shipping  Damage 
Damaged  in  shipment 

Improper  handling 

E.  Other 

III.  NO  FAILURE  CAUSES 

A.  Time  Change 
Allowable  operating  tiae 

B.  Other 

Ho  Failure 

Scheduled  maintenance 

IV.  UNKNOWN  CAUSES 


13 

263.3 

1.4 

5 

188.2 

0.5 

3 

301.0 

0.3 

8 

324.3 

0.9 

33 

245. 8 

3.6 

20 

284 . 5 

2.2 

0 

• 

0.0 

5 

106.2 

0.5 

0 

• 

“070 

5 

106.2 

0.5 

0 

- 

0.0 

5? 

811.6 

6.2 

41 

973.0 

4.4 

“TJT 

973.0 

16 

“TO 

397.9 

406.0 

4tf 

l 

277.0 

0.1 

221 

342.3 

lLi_ 
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TABLE  F  III.  REASON  FOR  ROiOVAL  MIK  ANALYSIS 

OF  O  H  MAIN  ROTOR  BLADES  KKi'A  1 RED 
OR  SCRAPPED  AT  RIIC 


Bladen  Pro*  Aircraft  Mod«L(  •) ;  I'll-  ID  II _ Part  No .  2^4  ?  >  1 1  -  '50- Q')5 


Reason  For  Removal 

Records  With 
Part  Time 

*v»  i  c-n  i 
of  A3  1 
Cause  s 

Number 

MIK 

(  Hour?) 

ALL  CAUSES _ 

peal 

4  OH .  / 

100.00 

1  PART  CAUSES 

459 

445 . 1 

19.91 

A.  Excessive  Vibration 

105 

340.4 

4.V 

Beyond  specified  tolerance 

W77 

-rrrn 

Cannot  balance 

64 

339.2 

2.7H 

Erratic 

1 

95.0 

0.04 

Excessive  vibration 

35 

329.4 

1.52 

B.  Deterioration 

102 

449.7 

4.43 

bracked 

“ff3 

W775 

“T775 

Deteriorat  ad 

15 

461.0 

0.65 

Loose  rivets 

2 

556.5 

0.09 

Noisy 

2 

348.5 

0.09 

C.  Bonding  FaiLure 

153 

453.1 

6.64 

bond  reparation 

TT5 

"09 

Delaminated 

26 

461.6 

1.13 

Loose 

10 

531.4 

0.43 

Poor  bonding 

2 

366.0 

0.09 

D.  Excessive  Wear 

78 

537.6 

3.38 

I  Erosion 

~TV 

WT 

5.60 

Internal  failure 

7 

588.0 

0.30 

Pitted 

4 

540.2 

0.17 

Worn  excessively 

7 

550.1 

0.30 

S.  Corrosion 

16 

634.4 

0.69 

beposits 

3 

TVTB 

“03 

Leaking 

1 

530.0 

0.04 

Rust  or  corrosion 

12 

712.0 

0.52 

F.  Other 

5 

258.0 

0.22 

Manufacturing  defect 

”3 

258.  A 

“0777 

II.  EXTERNAL  CAUSES 

979 

343.4 

42.47 

A.  Foreign  Object  Damage 

697 

350.4 

30.24 

Battle  damage  (combat  damage) 

"73 

262.5 

l.o6 

Bent 

7 

373.9 

0.30 

Broken 

6 

442.3 

0.26 

Buckled 

5 

284.4 

0.22 

Collapsed 

l 

6.0 

0.04 

Damaged  part,  chip,  nick,  etc. 

297 

341.2 

12.89 

Dented 

233 

3/9.1 

10. 11 
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TABLE  P-IXI  (Cont'd) 


Records  With 

Reason  For  Removal 

Fart  Time 

Percen  t 

MTR 

( Hours ) 

of  All 

Number 

Causes 

II. 

EXTERNAL  CAUSES 

A. 

Foreign  Object  Damage  (Cont'd) 

81 

321.9 

3.51 

Foreign  object  damage 

Holes  punched 

44 

358.3 

1.91 

Mutiliated 

0 

-  - 

B. 

Overatressed 

2S6 

319.1 

ll.ll 

Crash  damage 

7 

431.5 

0.09 

Hard  landing 

6 

410.5 

0.26 

Hit  tree 

l 

620.0 

0.04 

Jammed 

l 

378.0 

0.04 

Overatressed 

31 

248.0 

1.34 

Overtorque 

2 

132.5 

0.09 

RPM  out  of  limit 

162 

328.6 

7.03 

Sudden  stoppage 

wl\m 

310.1 

2.13 

Warped 

u 

493.0 

0.09 

C. 

Heat  Damage 

494.0 

0.17 

Blistered 

765.0 

0.64 

Heat  Damage 

11 

403.7 

0.13 

D. 

Maintenance  and  Shipping  Daauge 

22 

“If 

378.5 

0.95 

Bad  patch,  rivet,  mod,  tab,  etc. 

383.6 

d.76 

Damaged  in  shipment 

0 

-- 

Improper  handling 

4 

355.5 

0.17 

E. 

Other 

0 

0.00 

III. 

NO 

FAILURE  CAUSES 

33 

509.4 

1,43 

A. 

Time  Change 

Allowable  operating  time 

1.100.0 

ifrworo 

0.04 

"05 

B. 

Other 

32 

491.0 

1.39 

Inspect,  evaluate,  or  repair 

jj 

TJfTf 

o.iy 

Lost  or  missing 

8 

350.2 

0.35 

No  failure 

16 

558.4 

0.69 

Scheduled  maintenance 

4 

557.8 

0.17 

IV. 

UNKNOWN  CAUSES 

834 

461.3 

36.18 
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TABLE  P-  IV.  REASON  FOR  REMOVAL  MTR  ANALYSIS 
OP  C/G  MU  BLADES  REPAIRS)  OR 
SCRAPPED  AT  BMC 


Blades  Pros  Aircraft  HodeK  a ) :  UH  -  1C/AH- IG  Fart  No.  540-011-001-5 


Records  With 

Percent 

Of  All 
CuuseM 

Reason  For  Raaoval 

Fart 

Tine 

Nuaber 

■1  _  ■ 

naan 

ALL  CAUSES 

606 

309.4 

100,0 

!  I.  PART  CAUSES 

124 

335.0 

20.5 

A. 

Excessive  Vibration 

74 

323.4 

12.2 

Beyond  specified  tolerance 

Can't  balance 

? 

71575 

0.3 

45 

7.4  | 

Erratic 

2 

0.3 

Excessive  vibration 

24 

gm 

4.0 

Misaatched 

l 

374.0 

0.2 

B. 

Deterioration 

25 

298.2 

4.1 

Cracked 

~ TB 

376 . 7 

370 

Deteriorated 

2 

70.0 

0.3 

Loose  riveta 

l 

276.0 

0.2 

Looae  triataba 

4 

64.3 

0.7 

C. 

Bonding  Failure 

Bond  ae para  t  ion 

18 

~n 

371.8 

4l0.2 

3.0 

571 

Delaalna ted 

2 

20.5 

0.3 

Looae 

3 

439.3 

0.5 

D. 

Excesalve  Wear 

4 

520.3 

0.7 

Erosion 

I 

436.0 

0.2 

Internal  failure 

l 

504.0 

KAfl 

Worn  exceaaively 

2 

570.5 

0.3 

E. 

Corrosion 

3 

461.0 

o.s 

Rust  or  corrosion 

5 

461.0 

0  •  5 

P. 

Other 

0 

m 

0.0 

ii.  EXTERML 

305 

U1A. 

50.3 

A. 

Fore tin  Object  Daaage 

229 

281.4 

37.8 

Battle  daaage  (coabat  dosage) 

76 

77778 

Bent 

3 

KM1 

i  ;  W&M 

Cut 

l 

131 

r  mXm 

Daaaged  part,  chip,  nick,  etc. 

77 

■Ml 

12.7  | 

Dented 

30 

262.6 

Foreign  object  daaage  j 

21 

277.0 

Holea  punched 

20 

250.4 

Mutilated  1 

l 

36.0 

B. 

Overs treaaed 

71 

261.4 

11.7  1 

Broken  welgfit . 

599.0 

0.2 
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TABLE  P-IV  < Con t  * <1  > 


Reason  Por  Removal 

Record*  With 
Part  Time 

Percent 

Of  all 

Number 

MTR 

( Houre) 

Ceueee 

U.  EXTERNAL  <'AtlNES 

B.  Overs  t.  retard  (rout'd) 

Is  rain  cTiimti  g* 

2 

238.0 

0.3 

Hurd  landing. 

r> 

188.2 

0.8 

Hit  tree 

i 

301 . 0 

0.5 

Overs t ressed 

H 

324.3 

1.3 

KL»M  out  ot  limit 

31 

245.8 

5.4 

Sudden  stoppage 

10 

259.9 

3.1 

0.  Heat  Damage 

0 

- 

0.0 

D.  Maintenance  and  Shipping  Damage 

5 

106.2 

0.6 

Damaged  In  shipment 

0 

- 

0*0 

Improper  handling 

5 

1.06.2 

0.8 

E.  Other 

0 

- 

o.o 

irr.  NO  FAILURE  CAUSES 

29 

693.7 

4.8 

A.  Time  Change 

L6 

972.3 

2.6 

Allowable  operating  time 

16 

972.1 

775 

B.  Other 

13 

350.8 

2.1 

No  Failure 

357.0 

Scheduled  maintenance 

l 

277.0 

0.2 

IV .  UNKNOWN  CAUSES 

a- 

148 

286.1 

24.4 

88 


TABLE  F  V.  K  FAS  ON  FOR  REMOVAL  >MR  ANALYSIS 

OK  0  H  MAIN  ROTOR  BLADES  KKTA1KKD 
A  T  BHO 


B Lades  From 

Aircratt  Models* ):  I'll- 11),  II 

Part  No.  'O'*-'" 

_____  _ 

Records  With 

Reason  Por  Removal 

Pert 

Time 

ivri  « - n • 
o'  All 

M  lit 

Number 

( Hours ) 

('.It  '..*»«■“  ■> 

ALL  CAUSES 

*n-i 

310.1 

1  Of,." 

i  I.  FART  CAUSES 

161 

306 .  H 

17.7 

A. 

Excessive  Vibration 

47 

277  .1 

r  .  0 

Beyond  specified  tolerance 

r 

Tnrr 

?).T 

Cannot  bul.mce 

26 

11  5.8 

*.o 

Excessive  vibration 

IH 

203 

1.9 

B. 

Deterioration 

33 

274.  ♦ 

3.5 

CracVed 

“77 

77T7i 

T7 

Deteriorated 

3 

63.7 

0.  3 

Loose  rivets 

> 

556.5 

0.7 

Noi  sy 

% 

L 

516.0 

0.1 

C. 

Ponding  Failure 
tond  separation 

57 

“5T 

318.1 

5 .  C 

575 

Delaminated 

7 

511 .4 

C.7 

Loose 

2 

203.5 

0.2 

Poor  betiding 

2 

366. 0 

0.2 

D. 

Excessive  Wear 

25 

387.0 

2.7 

fire si on 

-Vf 

37775 

5.0 

Internal  Failure 

2 

456.5 

0.2 

Pitted 

l 

704.  0 

0.1 

Worn  excessively 

3 

296.0 

c.  2 

E. 

Corrosion 

3 

395.7 

0.3 

deposits 

7 

TTTtr.TJ 

“177 

Rust  or  corrosion 

l 

279.0 

0.1 

F. 

Ocher 

l 

213.0 

0.1 

Manufacturing  defect 

T 

70771 

d.i 

II.  EXTERNAL  CAUSES 

424 

265.6 

45.4 

A. 

Foreign  Object  Damage 

282 

272.3 

30.2 

Battle  damage  (combat  damage) 

~~7 

121.5 

0.2 

Bent 

4 

553.8 

0.4 

Broken 

2 

27.0 

0.2 

Buckled 

1 

6.C 

0.1 

Damaged  part,  chip,  nick,  etc. 

134 

277.5 

14.3 

Dented 

100 

288.9 

10.7 

Foreign  object  damage 

28 

189.7 

3.0 

HoLes  punched 

11 

260.9 

1.2 
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TARLE  P-V  (Cont'd) 


Reason  Por  Removal 


Records  With 
Part  Time 

Percent 

Number 

MTR 

(Hours) 

or  A1 1 
Causes 

1  31 

746.0 

14.0 

T 

“FTTH 

TTT 

4 

392.8 

0.4 

19 

245.3 

2.0 

l 

217.0 

0.1 

HO 

252.0 

9.4 

18 

’04.0 

1.4 

2 

518.0 

0.7 

“T 

O 

l 

271.0 

0.1 

9 

277.5 

1.0 

7 

2t>9 . 1 

2 

307.0 

0.2 

0 

•  - 

9 

421.4 

mm 

0 

•  - 

9 

421.4 

3 

UM.7 

6 

397.3 

| 

340 

363.0 

36.4 

1 1 .  EXTERNAL  CAUSES  ( Con »  •  i! ) 

H.  Overst  ressed 
Crash  damage 
Hard  landing 
Overstressed 
Over  torque 
RPM  out  of  l imi t 
Sudden  stoppage 

C.  Heat  Damage 
B1  i stered 
Heat  damage 

D.  Maintenance  and 
Bad  patch,  rivet,  ta 
Improper  handling 

E.  Other 


III.  NO  FAILURE  CAUSES 

A.  rime  Change 

B.  Other 

Inspect,  evaluate,  or  repair 
Lost  or  missing 

IV.  UNKNOWN  CAUSES 


Shipping 
.  tab,  e 


Damage 


etc. 
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IAHLK  F-Vl.  RKASON  FOR  REMOVAL/M  IR  ANALYSIS 
OF  O/C  MAIN  ROTOR  BLANKS 
REPAIRED  AT  BMC  f 

Blades  From  Aircraft  Model ( a) : UH- 1C.  AH- 10  Part  No. 540-011-001-000 


Reason  For  Removal 

Records  With 
Part  Time 

Percent 
oi  All 
Causes 

Number 

MTR 

( Hours) 

ALL  CAUSES 

n L 

241.4 

100. 0 

I.  PART  CAUSES 

74 

241.7 

24.9 

A.  Excessive  Vibration 

50 

240.6 

16.  h 

Beyond  specified  tolerance 

1 

515.0 

"073 

Cat* 1 1  bulancc 

2B 

213.9 

9.4 

Err at ic 

I 

223.0 

0.3 

Excessive  vibration 

19 

259.5 

6.4 

Mismatched 

1 

374.0 

0.3 

B.  Deterioration 

14 

195.9 

4.7 

CracketT 

7 

295.7 

"775 

Deteriorated 

2 

70.0 

0.7 

Loose  rivets 

1 

276.0 

0.3 

Loose  trimtabs 

4 

64.3 

1.3 

C.  Bonding  Failure 

* 

209.8 

2.4 

Bond  separation  A 

HI!: 

25T75 

"O 

Delaminated 

t  Ki  r 

18.0 

0.3 

D.  Excessive  Wear 

HB9 

548.  2 

1.0 

Internal  failure 

"575 

Worn  excessively 

2 

570.5 

0.7 

E.  Corrosion 

— 

- 

0.0 

F.  Other 

■  a 

• 

0.0 

II.  EXTERNAL  CAUSES 

123 

235.6 

t 

A.  Foreign  Object  Damage 

68 

251.5 

22.9 

Battle  damage  (combat  damage) 

lOl.l 

"770 

Cut 

1 

395.0 

0.3 

Damaged  part,  chip,  nick,  etc. 

■to 

301.2 

10. 1 

Dented 

U 

208.5 

4.4 

Foreign  object  damage 

10 

302.6 

3.4 

Holea  punched 

5 

205.0 

1.7 

B.  Overstressed 

51 

230.5 

17.2 

Broken  weights 

T 

599.0 

"073 

Crash  damage 

l 

344.0 

0.3 

Hard  landing 

l 

6.0 

o.3  ; 

Hit  tree 

l 

230.0 

0.3 

Overs tr eased 

5 

342.5 

1.7 

RPM  out  of  Halt 

30 

238.5 

10.1 

Sudden  stoppage 

12 

142.5 

4.0 

91 


IABLK  K-VI  <  Cant'd) 


n . 


in. 


Reason  For  Removal 


rlX  i'KHNAl.  CAUSES 


I  Corn  •  <|  « 


Itoorda  With 
Purr  Ti«c 


Nuaber 


( Hours) 


l*«r»  «m 
oi  Ai  I 

(>UM>| 


0.  Hear 

l) .  Ma Uij_ »*n .m i  »  .in< I  Shlppim*  P.nnayp 

OiTm”  i/(  •  i  ’*  Tr  f  sTTTpm  »~i  i » 

Impropei  h.tndliiii' 


20.0 

29.0 


0.0 

1.3 

"O 

!.3 


K.  Oibi*r 


0 


o.o 


NO  FAILURE  CAUSES 

A .  Ti  nw  C } i.int-.p 

H.  Other 

TUT*  Tail  uro 


10 

306.  h 

j  .gag 

0 

- 

'  m 

10 

306.  h 

3.4 

TT 

TToTT 

“J75 

IV .  UNKNOWN  CAUSES 


90 


292.0 


30.3 
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I  \IU  '  I  -VU.  REASON  FOR  RfcHOVAL  MIR  ANALYSIS 
OP  I)  H  MAIN  ROlUK  BUDK.S 
SCRAPPED  AT  BIIC  AND  KRAI) 


BLadex  Proa  Aircraft  Hodel(a):  DH-ID  II _ Part  Ha. 


Reason  For  Removal 

Records  With 
Part  Time 

I'ol  (  * 

Number 

(  dmirs  ) 

«  ^  %  ■  ! 

!  ALL  CAUSES 

1  lhh», 

(Mf.  .  V 

l  .  PAU  r  CAUSES 

Tit 

’>  i >  . 

A.  Excessive  Vll»r  .'  ion 

'.K 

d:  .• 

I 

itcyond  •  fe*.l  »ol  »»r.im  o 

4 

«.V  .T 

/.  '  ! 

Cannot  !».« 1  nut 

M. 

*  5 1 . 4 

1  .  •! 

Krr.it  ir 

\ 

*5  .  f) 

. »  5 

Excessive*  vibration 

: 1 

.  4 

fl.  Deterioration 

'*9 

513.'' 

f 

iVnt*Jc««l 

TT  .  7 

77 

Deteriorated 

\  * 

55b.  i 

1  .  •  4 

No  lay 

i 

1*1.0 

0.  5 

|  0.  Bonding  la 'lure 

lol 

52  7. 4 

4 .  *6 

ICauT  iep.Tr.il  fon 

771 

TTTTT 

’TT! 

Delaminated 

19 

'*  *  3 .  3 

i 

Loosa 

A 

613.  a 

0.  •> 

1).  Excessive  Wear 

53 

60«.f> 

J.h! 

Erosion 

■CT 

Tiro 

77  r7 

Internal  Failure 

e 

J 

640.0 

o.  r 

Pitted 

3 

4h5 .  ( 

0.16 

Worn  excessively 

(. 

•e 

740.  5 

0 . .  1 

E.  Corroiion 

16 

76  7.7 

6 .  h  : 

Deposits 

T 

TT5T5 

Leaking 

i 

530.0 

0.  -5 

Rust  or  corrosion 

14 

931.0 

r*.7. 

F.  Other 

u 

269.  T 

o.  :t 

Manufac Turing  defect 

“5 

269 .  > 

o.  _• . 

II.  EXTERNAL  CAUSES 

90o 

411  .6 

A.  Foreign  Object  Damage 

626 

417.6 

33.  19 

Battle  damage  (combat  damage) 

7TT 

7T375 

•  .  •*  3 

Bent 

3 

134.0 

0.16 

Broken 

4 

650.0 

C.  '! 

Buckled 

4 

354.0 

c.;-: 

Collapsed 

l 

6.0 

0.05 

Damaged  part,  chip,  nick,  etc. 

165 

394.4 

Dented 

133 

446.9 

y.->4  J 

Foreign  object  damage 

53 

3)1 .  T 

HoLes  punched 

47 

385.  3 

Ha 

TABLE  F- VI I  (Cont’d) 


Reason  For  Removal 

Records  With 
Part  Time 

Percent 

Number 

MTR 

( Hours) 

of  All 
Causes 

11.  EXTERNAL  CAUSES  (Cont'd) 

B.  Overstressed 

2  59 

394.9 

13.73 

Trash  damage 

ns 

398.3 

~rrrr, 

liar*!  landing 

2 

446 . 0 

o.u 

Hit  tree 

l 

620.0 

0.05 

Jammed 

l 

378.0 

0.05 

Overs  t  resaed 

12 

252.3 

0.6* 

Overtorque 

l 

48.0 

0.05 

RPM  out  of  limit 

74 

419.6 

3.92 

Sudden  stoppage 

31 

371.7 

l .  64 

Warped 

;i 

493.0 

O.ll 

C.  Heat  Damage 

2 

470.0 

0. 1  1 

HeaF  damage 

7 

470.0 

7TT r 

D.  Maintenance  and  Shipping  Damage 

13 

448.4 

0.69 

Bad  pa'tch,  rivet,  tab,  etc. 

~TT 

456.5 

0.  58 

Improper  handling 

2 

404.0 

0.11 

E.  Other 

0 

-  - 

0.00 

III.  NO  FAILURE  CAUSES 

31 

917.3 

l  .64 

A.  Time  Change 

8 

2,064.6 

0.42 
o.  47 

Allowable  operating  time 

B 

7,050 

B.  Other 

23 

518.2 

1.22 

Inspect,  evaluate,  or  repair 

T 

334.0 

TTVS 

Lost  or  missing 

2 

209.0 

O.ll 

No  failure 

16 

558.4 

0.85 

Scheduled  maintenance 

4 

557.8 

0.21 

IV.  UNKNOWN  CAUSES 

652 

552.1 

34.57 
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TABLE  P  VIII.  REASON  FOR  REMOVAL  WIR  ANALYSIS 
OP  G/G  MAIN  ROTOR  BLADES 
SCRAPPED  AT  BHC  AND  RRAD 


Bladen  Pro*  Aircraft  Model(a):  UK-IC,  AH- IG  Part  No.  540-011-001-005 


Reason  For  Removal 

Recorda  With 
Part  Time 

Percent 

Of  All 

Number 

MTR 

(Hours) 

Causes 

ALL  CAUSES 

628 

388.7 

100,0 

l.  PART  CAUSES 

6L 

480.7 

9.7 

A. 

Excessive  Vibration 

24 

495.9 

TTTTO 

-84 

Beyond  specified  tolerance 

Can't  balance 

”1 

17 

516.5 

2.7 

Erratic 

l 

467.0 

0.2 

Excessive  vibration 

5 

347.8 

0.8 

B. 

Deterioration 

14 

446.4 

2.2 

Cracked 

Tmum 

277 

C. 

Bonding  Failure 

14 

423.0 

2.2 

Bond  separation 

T3 

458.1 

IT5 

Delaminated 

1 

23.0 

0.2 

Loose 

3 

439.3 

0.5 

D. 

Excessive  Wear 

3 

746.0 

0.5 

Erosion 

3 

746.0 

o.5 

E. 

Corrosion 

6 

502.0 

l.o 

Rust  or  corros ion 

30270 

no 

!  F. 

Other 

0 

- 

0.0 

II.  EXTERNAL  CAUSES 

389 

302.7 

61.9 

A. 

Foreign  Object  Damage 

Battle  damage  (combat  damage) 

3S6 

300.0 

56.7 

“337T 

777 

301.7 

Bent 

3 

319.3 

0.5 

Damaged  part,  chip,  nick,  etc. 

47 

311.3 

7.5 

Dented 

20 

311.4 

3#2 

Foreign  object  damage 

16 

236.0 

2.5 

Holes  punched 

42 

302.0 

0.7 

Mutilated 

l 

36.0 

0.2 

B. 

Overstressed 

32 

329.2 

5.1 

Crash  damage 

Hard  landing 

~T7 

4 

258.7 

233.8 

0^6 

Hit  tree 

2 

336.5 

v§3 

Overstressed 

3 

294.0 

0.5 

RPM  out  of  limit 

3 

319.3 

0.5 

Sudden  stoppage 

8 

497.6 

1  e  3 

C. 

Heat  Damage 

0 

- 

0.0  | 
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TABLE  K  VIII  (Con CM  ) 


I  !  . 


I  .  I . 


Reason  For  Removal 


KXl.:kMM.  t*AI?SKS 

!) .  Ma  i 'i  tenancy  _«nd  S*i_[ pp  i 
Improper  fundf  fnc 

L .  (  t>UT 


Records  Wl rh 
Part  Time 


Number 


MIK 

1  Hours ) 


I*  >  H)  f 

or  w  l 

Cuijw  **ti 


lUrnnge 


1 

0 


u  r, .  o 
UTTJ 


■or? 

0.0 


\o  KAtUKK  OAl'SKS 

A.  Time  Change 

i\TTowa!TTc  operating  *  fme 


4/ 

41 

~V1 


910.0 

971.0 

9rm 


4.  ot t er 

So  f a i lure 

Scheduled  maintenance 


Vi  0.2 

WO 

177.0 


0.2 


IV.  r.SK NQWN  QAUSKS 


HI 


411.2 


20.9 
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I  AHl.il  r  IX.  REASON  FOK  REMOVAL  M  IF  AN’Al.Y.ils 
OF  U-H  MAIN  ROTOR  BLADES 
SCRAPPED  AT  BHC 


Blades  From  Aircraft  ModeL(s):  UH  IU/H _ Part  No.£J4_0!_i_  _/_V.  Ji’2 


Reason  For  Removal 

Record 

Part 

£  With 

Tim* 

Per  net  t 
o  ,» !  1 
LOm;.  cs 

Number 

KIR 

t Hours) 

ALL  LAPSES 

ngm 

4/0.0 

100.00 

l.  PART  CAUSES 

29  H 

5L8.8 

71.74 

A.  Excess  i.Vi*  Vibration 

58 

391.0 

4.23 

BeyoriT  apecifTed  tolerance 

T. 

472 . 5 

'  B779 

Cannot  balrnic 

30 

357.4 

2. (-3 

Erratic 

I 

95.9 

u.07 

Rxcostfiv v  vibration 

!  7 

402.4 

1.24 

R.  Outer  ioration 

09 

533.3 

’>.03 

CrarPVd 

56 

>34.9 

"T.TO 

Deteriorated 

1  2 

555.3 

0  .-46 

Nois" 

* 

161  .0 

0,o7 

C.  Don-line.  Pailuri 

>22. 6 

7.37 

ffotui  separation 

IH 

T3T:? 

— 571*0 

DoLnrainated 

L9 

443.3 

1.39 

Loose 

8 

613.4 

0.56 

D.  Excessive  Weur 

53 

608 . 6 

3.87 

Erosion 

"irr 

oTJTB 

’  2.99 

Internal  failure 

5 

640.6 

0.36 

Pitted 

3 

485.0 

0.22 

Worn  excessively 

4 

740.5 

0.29 

E.  Corrosion 

13 

689.5 

0.95 

BeposTto 

T 

TTT7T 

Leaking 

i 

530.0 

0.07 

Rust  or  corrosion 

ll 

755.9 

0.80 

F.  Other 

4 

269.2 

■EkTH 

Manufacturing  defect 

i» 

269.2 

II.  EXTERNAL  CAUSES 

555 

402.9 

1 

A.  Foreign  Object  Damage 

415 

403.5 

.30,27 

Battle  damage  (combat  damuge) 

IT 

1.53 

Bent 

3 

134.0 

0.22 

Broken 

4 

650.0 

0.29 

Buckled 

4 

354.0 

0.29 

Collapsed 

l 

6.0 

0.07 

Damaged  part,  chip,  nick,  etc. 

163 

393.6 

11.89 

Oented 

133 

446.9 

9.70 

Foreign  object  damage 

53 

391.7 

3.87 

Holes  punched 

33 

390.8 

2.41 

Mutilated 

0 

-- 

0.00 
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TABLE  F-  IX  (Cont'd) 


Reason  For  Removal 

Records  With 
Part  Time 

Per<  erit 

Number 

MTR 

( Hours ) 

of  All 
Causes 

1  1 .  EXTERNAL  CAUSES  (Cont '  <1 ) 

B.  Overs  tressed 

1  25 

395.0 

9.12 

CrasTi  damage 

B53.0 

u;u; 

Hard  landing 

j 

446.0 

0.15 

Hit  tree 

i 

670.0 

0.07 

Jammed 

L 

378.0 

0.07 

Overstressed 

12 

252.3 

0.89 

Over  torque 

l 

48.0 

0.07 

RPM  out  of  limit 

74 

419.6 

5.40 

Sudden  stoppage 

31 

371.7 

2.26 

Warped 

2 

493.0 

0.15 

C.  Heat  Damage 

2 

470.0 

0.15 

Heat  Unma'ge 

—? 

i*7d.O 

"T7.T5 

D.  Maintenance  and  Shipping  Damage 

13 

448.4 

0.95 

"Bad"  patch,  rivet,  moa,  tab,  etc. 

”TT 

456.5 

0.80 

Damaged  in  shipment 

0 

-- 

0.00 

Improper  handling 

2 

404.0 

0.15 

E.  Other 

0 

-- 

0.00 

III.  NO  FAILURE  CAUSES 

24 

542.4 

1.75 

A .  Time  Change 

1 

1,100. 0 

0.07 

Allowable  operating  time 

r 

1,100.0 

0.07 

B.  Other 

23 

518.2 

1.68 

Inspect,  evaluate,  or  repair 

“T 

TflTTff 

"  6.07 

Lost  or  missing 

2 

209.0 

0.15 

No  failure 

16 

558.4 

1.17 

Scheduled  maintenance 

4 

557.8 

0.29 

IV.  UNKNOWN  CAUSES 

494 

529.0 

36.03 
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TABLE  P-X.  REASON  FOR  REMOVAL/MTR  ANALYSIS 
OP  C/G  MAIN  ROTOR  BLADES 
SCRAPPED  AT  BHC 


Blades  Proa  Aircraft  Hodel(s):  UH-lC/AH-lO  Part  No.  540-011-001-005 


Reason  For  Removal 

Records  With 
Part  Time 

Percent 

Of  All 
Causes 

Number 

MTR 

(Hours) 

ALL  CAUSES 

309 

374.9 

100. 0 

I.  PART  CAUSES 

50 

473.1 

16.2 

A.  Excessive  Vibration 

2k 

7.3 

Beyond  specified  tolerance 

“T 

916.0 

5T3 

Can't  balance 

17 

5.5 

Erratic 

i 

0.3 

Excessive  vibration 

5 

1.6 

B.  Deterioration 

11 

428.3 

3.6 

Cracked 

TT 

428.3 

3.6 

C.  Bonding  Failure 

il 

474.8 

3.6 

Bond  separation 

7 

5553 

2.3 

DeLamination 

l 

23.0 

0.3 

Loose 

3 

439.3 

1.0 

D.  Excessive  Wear 

l 

436.0 

Erosion 

L 

436.0 

0.3 

E.  Corrosion 

3 

461.0 

1.0 

Rust  or  corrosion 

3 

461.0 

1.6 

P.  Other 

0 

- 

0.0 

II.  EXTERNAL  CAUSES 

182 

299.8 

58.9 

A.  Foreign  Object  Damage 

161 

294.0 

52.1 

Battle  damage  (combat  damage; 

"57“ 

295.0 

21.7 

Bent 

3 

1.0 

Damaged  part,  chip,  nick,  etc. 

47 

la. 2 

Dented 

17 

5.5 

Poreign  object  damage 

11 

3.6 

Holes  punched 

15 

265.5 

4.9 

Mutilated 

l 

36.0 

0.3 

B.  Overstressed 

20 

340.4 

6.5 

Crash  damage 

l 

132.0 

0.3 

Hard  landing 

4 

233.8 

1.3 

Hit  tree 

2 

336.5 

0.7 

Overstressed 

3 

294.0 

1.0 

RPM  out  of  limit 

3 

319.3 

1.0 

Sudden  stoppage 

7 

461.2 

2.3 

C.  Heat  Damage 

0 

- 

0.0 

♦ 
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TABLE  Y  X  (Cont’d) 


II. 


Reuaon  Pur  Removal 


Record*  With 
Part  Time 


Number 


MTK 

f Hour*) 


Pe  rcent 
of  All 
Cauaca 


KXTPRNAL  PAUSES  ' Con  t  '  <1 ) 


D.  Main teiiance  and  Shipping  Duriave 
Improper  TuiTiJl  ln>' 


l 

T 


915.0  0.3 

5rr*rrn  “O' 


K.  Other 


2  _ L_  o.u 


III.  NO  FAILURE  CAUSES 


L9 


897.5 


<>.l 


A.  Time  Change 

Allowable  operating  time 


L6 

T77 


9/2.3  5.2 

77773  “377 


B .  0 1  h  or 

l7o  tai  Lure 

Scheduled  maintennnee 


3 

"7 


998.3 

607. 0 

277.0 


iaO 

07 7 

0.3 


IV.  UNKNOWN  CAUSES 


58 


359.5 


18.8 


100 


I'ABLK  K  XI.  REASON  FOR  REMOVAL  M  IK  ANALYSIS 
OP  0  H  MAIN  ROTOR  HLADhS 
SCRAPPED  AT  KKAO 


Hidden  Prom  Aircraft  Model(a):  LHI-iH/H _  Part  No.  204-  (,t  1  -  'l)- 


Reason  For  Removal 

Records  With 
Part  Time 

iVri  i  m 
oi  All 

i'ISCI 

Number 

M  IT 

(  Honrs ) 

AI  L  CAUSES 

im 

1</I.  ) 

I.  HART  CAUSES 

5 

V  7 1 .  *• 

L.O 

A.  Kxi'CKsivt*  Vi  bra*  ion 

0 

-  . 

0.J 

ii.  Deterioration 

0 

u.f) 

0.  Bonding  Lai  lure 

769.5 

0.4 

Bond  separation 

iwz 

"TO 

D.  Excessive  Wear 

0 

-  - 

o.o 

E.  Corrosion 

\ 

mom 

9.*. 

Rust  or  corrosion 

5 

F.  Other 

0 

1 

o.l- 

11.  EXTERNAL  CAUSES 

±*1 

425.8 

A.  Foreign  Object  Damage 

211 

445.4 

41.0 

Rattle  damage  (combat  damage. ) 

wz 

U5TTT5 

~T T7i 

Damaged  part,  chip,  nick,  etc. 

2 

463.0 

*1.4 

Holes  punched 

14 

372.4 

2.7 

B.  Overstressed 

UL 

394.9 

>•6.0 

tirash  d.image 

TO 

26.0 

C .  Men t  Damage 

0 

-  - 

0.0 

D.  Maintenance  and  Shipping  Damage 

0 

•  m 

0.0 

E.  Other 

0 

• 

0.0 

III.  NO  FAILURE  CAUSES 

7 

2,202.4 

W 

A.  Time  Change 

7 

ii 

Allowable  operating  time 

~7 

0774 

Muja 

B.  Other 

0 

-  - 

IV.  UNKNOWN  CAUSES 

158 

624.4  | 

30.7 
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TABLE  F - X 1 1 .  REASON  FOR  ROIOVAL  MW  ANALYSIS 
OP  C/G  MAIN  ROTOR  BLADES 
SCRAPPED  AT  RRAD 


Blades  Prom  Aircraft  Model(s):  UH-1C/AH-IG  Part  No.  540-01 1 -QOL -005 


Reason  For  Removal 

Records  With 
Part  Time 

I'ert  ent 
ft  All 
Causes 

Number 

BijH 

ALL  CAUSES 

319 

402.2 

100.0 

I.  PART  CAUSES 

-JJ. 

3.4 

A.  Excessive  Vibration 

0 

- 

0.0 

B.  Deterioration 

3 

512.6 

0.9 

Cracked 

“  3 

TfTTS 

~o 

C.  Bonding  Failure 

3 

233.3 

0.9 

■  Bond  separation 

— 5 

733.3 

“075 

D.  Excessive  Wear 

2 

901.0 

0.6 

Erosion 

7 

WT7TT 

-fJTE 

E.  Corrosion 

3 

543.0 

0.9 

Rust  or  corrosion 

3 

55370 

“075 

F.  Other 

0 

- 

0.0 

II.  EXTERNAL  CAUSES 

207 

305.3 

64.9 

A.  Foreign  Object  Damage 

195 

305.0 

Battle  damage  {combat  damage) 

160 

30575 

Dented 

3 

354.0 

0.9 

Foreign  object  damage 

5 

197.0 

1.6 

Holes  punched 

27 

322.3 

8.5 

B.  Overstressed 

12 

310.4 

3.8 

Crash  damage 

“IT 

270.2 

“375 

Sudden  stoppage 

l 

752.0 

0.3 

C.  Heat  Damage 

0 

~  ^ 

D.  Maintenance  and  Shipping  Damage 

0 

- 

E.  Other 

0 

- 

Wm 

III.  NO  FAILURE  CAUSES 

26 

933.6 

8.8 

A.  Time  Change 

25 

973.4 

7.8 

Allowable  operating  time 

“Z3 

97175 

“77ff 

B.  Other 

3 

602.0 

0.9 

No  failure 

“3 

50270 

“O 

IV.  UNKNOWN  CAUSES 

73 

456.2 

22.9 

* 

APPENDIX  G 


DETAILS  OF  REASON  FOR  SCRAPPAGE 
ANALYSIS  OF  BELL  HELICOPTER  COMPANY 
—  MAIN  ROTOR  BLADE  SCRAP  DATA 


TAIL!  O-I.  REASON  FOR  SCRAPPAOE  OP  D/H  MAIN  ROTOR 
BLADES  PROCESSES  BY  BHO  AND  READ 

Model  UH-lD/H  Dwg./Part  No.  204-011-250-005 


REASON  FOR  SCRAPPAOE 

No.  of  Blades  Scrapped 

RRAD  BHC  Total 

ALL  CAUSES 

1453 

1420 

2873 

I.  PART  CAUSES 

208 

1042 

1250 

A. 

Imbalance 

0 

13 

13 

bushing  out  of  alignment 

__ 

1 

l 

Can ' t  balance 

l 

l 

Tip  or  edge  heavy 

3 

3 

Beyond  specified  tolerance 

8 

6 

B. 

Deterioration 

2 

35 

37 

CraclceJ 

— 3IT 

34 

Rough 

2 

l 

3 

C. 

Bonding  Failure 

15 

81 

96 

Bonding  TaTIure 

2 

2 

Core  separation 

l 

l 

Delaminated 

l 

l 

Separated 

10 

39 

49 

Void 

5 

38 

43 

D. 

Corrosion 

191 

287 

478 

Corroded” 

”T9T 

”217 

“571 

E. 

Water  Contamination 

_ 0 

626 

626 

Water  in  blade 

626 

626 

II.  EXTERNAL  CAUSES 

1227 

343 

1570 

A. 

Foreign  Object  Damage 

959 

203 

1162 

Bullet  holes 

483 

“u 

”331 

Creased 

l 

l 

Cut 

5 

19 

24 

Damaged 

7 

7 

14 

Dent 

17 

17 

Foreign  object  damage 

l 

5 

6 

Holes 

462 

81 

543 

Scored 

5 

5 

Torn 

l 

26 

27 

B. 

Overstressed 

268 

140 

408 

Bent 

i.3 

13 

Bowed 

12 

12 

Broken 

3 

3 

Buckled 

7 

7 

Crash  damage 

254 

254 

Crushed  core 

8 

8 
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TABLE  C-I  CCont  o; 
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TABLE  0- IX.  REASON  PUR  SCRAPPACE  OP  C/Q  MAIN  ROTOR 
BLADES  PROCESSED  BY  BHC  AND  RRAD 

Model !  IJH-  IC/AH-IO  Dwg./Pnit  No.  540-01  L-U<>1  •  005 


REASON  FOR  SCRAP PAGE 


No.  ot  Blades  Scrapped  ! 


RRAD 

BHC 

Total 

ALL  CAUSES 

634 

341 

sa 

97  5 

I. 

PART  CAUSES 

_ 18 

m 

1  20 

A. 

Imbalance 

_ 0 

< 

J 

Weights  loose 

T 

3 

R. 

Deterioration 

0 

22 

22 

Cracked 

IT 

IT 

Worn 

6 

r, 

C. 

Bonding  Failure 

_ (, 

6 

12 

Separated 

r 

r 

7 

Void 

5 

5 

D. 

Corrosion 

12 

50 

(>2 

Corroded 

17 

"53 

37 

E. 

Water  Contamination 

_ o 

21 

21 

Water  in  blade 

"2T 

“"7T 

II. 

EXTERNAL  CAUSES 

560 

194 

754 

A. 

Foreign  Object  Damage 

Bullet  holes 

536 

"353 

157 

"53 

693 

406 

Creased 

2 

2 

Cut 

2 

IV 

20 

Damaged 

l 

3 

4 

Dent 

13 

1.3 

Foreign  object  damage 

l 

L 

Holes 

180 

55 

235 

Scored 

l 

1 

Torn 

11 

11 

B. 

Overstressed 

24 

37 

61 

Bent 

T 

"4 

Broken 

3 

3 

Crash  damage 

22 

22 

Crushed  cort 

l 

l 

Distorted 

2 

14 

16 

Mutilated 

15 

15 

HI. 

NO 

FAILURE  CAUSES 

_ 53 

20 

_ 73 

A. 

Time  Change 

_ 53 

20 

73 

Allowable  operating  time 

53 

"23 

"73 
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TABLE  O-XI  (Cont'd) 


REASON  FOR  SCRAPPAGE 


Mo.  of  Bla’dta  Scraooad 
RRAO  BHO  Total 


ALL  CAUSES  (Cont'd) 

XV.  OTHP  CAUSES 
A.  Unknown 
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♦ 


TABLE  G- III.  REASON  FOR  REMOVAL  VS.  REASON 

FOR  SCRAPPAGE  OP  D/K  MAIN  ROTOR 
BLADES  PROCESSED  BY  BHC 
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TABLE  G- IV  (Cont’d) 
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APPENDIX  li 


DETAILS  OK  THE  PROBABILITY  OF  SGRAPPAGK 
AND  REPAIR  ANALYSES  OF  MAIN  ROTOR 
BLADES  REMOVED  IN  VIETNAM 
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TABLE  H-II.  REASONS  FOR  REMOVAL  VERSUS  NUMBER  OF  C/G  MAIN  ROTOR 
BLADES  REMOVED,  SCRAPPED,  SHIPPED  AND  REPAIRED 
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Part  and  External  Cause*  Only 


TABLE  H-II  (Cont’d) 
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t 


DISTKIBU'IJ  ON 

Army  Advanced  Materiel  Concepts  Agency  1 

Army  Materiel  Command  4 

Army  Aviation  Systems  Command  4 

Third  United  States  Army  Z 

Sixth  United  States  Army  Z 

United  States  Army,  Pacific  i 

Army  Communications  Zone,  Europe  Z 

Army  Forces  Southern  Command  1 

Director  of  Defense  Research  and  Engineering  i 

Chief  of  R&D,  DA  Z 

Army  Aeromedieal  Research  Unit  1 

Army  Air  Mobility  Research  and  Development  Laboratory  Z 

Ames  Directorate,  Army  Air  Mobility  R&D  Laboratory  Z 

Langley  Directorate,  Army  Air  Mobility  R&D  Laboratory  Z 

Lewis  Directorate,  Ai  my  Air  Mobility  R&D  Laboratory  2. 

Eustis  Directorate,  Army  Air  Mobility  R&D  Laboratory  14 

Army  Scientific  and  Technical  Information  Team  1 

Army  Land  War  Laboratory  1 

Army  Human  Engineering  Laboratories  1 

Army  Ballistic  Research  Laboratories  1 

Army  Materials  and  Mechanics  Research  Center  1 

Army  General  Equipment  Test  Activity  1 

Plastics  Technical  Evaluation  Center  1 

Army  Engineer  Waterways  Experiment  Section  1 

Army  Test  and  Evaluation  Command  1 

Army  Materiel  Systems  Analysis  Agency  1 

Army  Combat  Developments  Command  Experimentation  Command  1 

Army  Combat  Developments  Command  Aviation  Agency  Z 

Army  Combat  Developments  Command  Transportation  Agency  1 

Army  Edgewood  Arsenal  1 

Army  Frankiord  Arsenal  1 

Army  War  College  1 

Army  Command  and  General  Staff  College  1 

Army  Transportation  School  1 

Army  Aviation  School  1 

Deputy  Chief  of  Staff  for  Logistics,  DA  l 

Army  Transportation  Center  and  Fort  Eustis  1 

Army  Armor  and  Engineer  Board  1 

Army  Aviation  Test  Board  Z 

Army  Aviation  Systems  Test  Activity  Z 
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I’ran-j  Fugr  Liaison  Officer,  Armv  Airboim*  Conununic  uliona  and 
Electronic  a  Boa  id 
Army  Arctic  Teat  Center 
Army  Transportation  Engineering  Agency 
Army  Board  tor  Aviation  Accident  Research 
Air  Force  Flight  lest  Center,  Edwards  AFB 
ADTC  (AD BPS  -  1  tL),  Eghn  AFB 
Arrny  Field  Office*,  AFSC,  Andrews  AFB 
Air  Force  Materials  Laboratory,  Wright-Patterson  AFB 
Air  Force  Flight  Dynamics  Laboratory,  Wright-Patterson  AFB 
Systems  Engineering  Group,  W  right- Patter  son  AFB 
Naval  Air  Systems  Command 
Chief  of  Naval  Research 
Naval  Research  Laboratory 
Naval  Air  Station,  Norfolk 

Naval  Air  Propulsion  Test  Center,  Philadelphia 
Naval  Weapons  Laboratory.  Dahlgren 
Naval  Ship  RSiD  Center 

Marine*  Corps  Development  and  Education  Command 
Marine  Corps  Liaison  Officer ,  Army  Transportation  School 
Lewis  Research  Center,  NASA 

NASA  Scientific  and  Technical  Information  Facility 
Ames  Research  Center,  NASA 
Aeronautical  Vehicles  Division,  NASA 

Bureau  of  Aviation  Safety,  National  Transportation  Safety  Board 

Federal  Aviation  Administration,  Washington,  DC 

NAFEC  Library,  FA  A 

Civil  Aeromedical  Institute,  FAA 

The  Surgeon  General 

Bureau  of  Medicine  and  Surgery 

Government  Printing  Office 

Defense  Documentation  Center 
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This  report  presents  the  results  of  an  investigation  of  the  impact  of  the  Army's 
operational  environment  on  UH-1  and  AH-1  series  main  rotor  blades.  Thirty-nine 
months  of  operational  data  for  missions  flown  in  the  United  States  as  well  as  in 
Southeast  Asia  under  actual  combat  conditions  were  reviewed  and  reported.  Blade 
failures  are  reported  in  terms  of  cause,  frequency,  repairability,  and  probability  of 
blade  scrappage  following  removal.  The  maintenance  man-hours  associated  with 
each  type  of  repair,  the  most  forward  area  at  which  repairs  may  be  accomplished, 
and  the  associated  downtimes  and  support  costs  are  reported.  Repair,  overhaul,  and 
new  blade  costs  are  converted  to  operational  costs  in  dollars  per  flight  hour.  The 
concepts  of  blades  with  a  high  degree  of  field  repairability  and  "throwaway"  blades 
are  discussed.  Tagret  new  blade  costs  at  which  such  concepts  become  cost  effective 
are  developed. 
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